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Tuesday, 25 June, 1946 ate abe Phggcoese <Higpe ena 
t Fis i i i) _ ? 


! 1. Sin Chedeeen calied for careniiaails or altorations in the Minutes 
and Procesdings of the ‘16th meeting. ‘There Were no corrections, 


Zo 


and’ ‘Dr. Le Jo Miine presented 
logical Factors Determining the 


Forfomumee of Binoculars | at Right "- oe an ee ae 


- 
. =e 


3. ‘Dr. George Wold presented a paper entitled "Factors Affecting 
the Change of FYoous of Optical Instruments at High end ‘Low 
TLiuninaticns"= = = = #i« Gtals ca énemdieeidséne dceieoe « « o «1D 


& Lt We Ss, Verplensk presented. a paper entitled "* Brief. Report 
> on Results st th he Field Experiment on Optical Instrimente"= ~.- -25 


5. Dr. Gouatd S, Coleman: anaventes a paper on: itled. "The Contrast. 
Meahish oncof cOptioal. Snetramegta"ezer-nisebertint= sruwot fe 1 ett 29 


6. The Chaizman elector that the ‘Subcommittes on Binoculare 
. meet end return to the Comittee a reccmendation concerning 
@ mechanism for coordinating the knowledge on binoculars. 
Maw tav om SNS BS . 


Wednesday, June 26,°1946 | <0! > 
7, The Chairman presented the following resolution prepared by the 
ubccamittes on veneer which wee approved by the Comittee: 


VOTED: It is the opinion of “thie Sudcaumittes that the studies already 
made provide a basie for the detexmiination of optimm charac- 
teristics of tolescopic optical instruments, provided that this 
information is properby Collated. (1) I% seems appropriate to 
us that Dr. Colemen be invited to undertake this collation. 

(2) It likewiso appétire desirable to°us that Dr. Verplenck be 
encouraged to continus the analysis of the New London data, #0 
mae - that’ this valuable méterial may bo wed to fullest advantage. 
eS ¢3) te in our further recommendation that advicory assistance 
_be rendered to the Nevy under the auspices of the Arny-Navy- 
“NRC Vision Committee by ‘aut’ ‘individuals wtio have ‘been’ ‘associated 
tt with this work. | ere | on a 7 sOF Fi Nam 
Be aff F. K. Reid arty a 2 znet ouetezea *Correcticn of: Reso 


Poe Jan eae ae 88 


Teething | 
9. Dr ch T ahenied @ pi entitled "Phe Effect of 


Lens r on Point Source and Vieuel Acuity 
Thresholds" OE een etna? legen ir 


‘lo. * 


D. Burger preseated a paper entitled: Repent 3 on 
cent” ies of Acuity in the Mesopic Brightness Range in 
zs Soigiea to Refractive Dyer ed Sar ell will be published at a later dato, 
ha. 1s be ttn: mar. Dean ona ory preeonted a paper entitied "Current a 
12." °@all6a° fox°@iscussion of! the proposal for a,vicion 
aloes center to be established in the Navy Depertment unicr 


| the Office of Research and Inventions. A memoreniim, prepazed. 

7 by it. W. S. Verplanck, concerning the proposal is presented in 

"2. I tN eas me tetnatoee— re- ~ % 
ical After Aiacussion, the following resolution. was passed: . 


teats d ‘ 
Farce 


£0 NN NEEM, 


RESOLVED: That the Axmy-Navy-NRC Vision Committee endorse the establish- 
ment, within ORI, of a Vision Research Center, to provide a 
central establishment for vision. research within the Navy and 
to implement service requests and recomendations of the 

_ Vieion Committee. : 


The Chairman called tor action by the Comnittes in preparing 4 
progrem for research in the field of vision. After a discuesio, 
the following individuals were appointed to serve a3 subcomitteca- 
of-one to draw up 4 research progrem in each of the Specified 
fields: 


Color Vision -- Lt. Comir. Dean Farnsworth. 
Night Vision -- Lt. W. S. Verplanck 
Tliumination <- Space: Major E. A. Pinson 
Special: Major BE. A. Pinson 
Projection: Mr. Morris Smith 
Visibility <-- Mr. H. Richard Blackwell 
Legibility & , 
. Location of © 
ry vhs gi Lte Col. Paul Pitta 
Vievel 
Functions <-= Lt. Comir. Henry A. Inus 
Optical | 
Equipment ~~ . Dr. Howard S. Coleman | 
Protective 
Equipment o- Dr. Alphonse Chepenie 


14, The Chaizmen-enked that the Minutes ofthe Executive Camittee mooting 
on May = and June 26 bo read into the Minutes of the present meeting. 


At the Mey 28 meeting, it was wted that officers of the Vision 
Comittee be elected by the Executive Committee on or about 
January 1, 1047. It was voted further that in the interim period, the 
present officers, Captain Shilling and Commander Dyke retain their 

- offices.- It wes voted that terme of office of the elected members of 
the Executive Committee be fixed as follows: 


Major E. A. Pinson "Dp. Edwin Henry 
© Canmender He Gs meh bes ascooe~ .Gaptain-C. W, Shilling 


“Dre Walter Re py cigh Move.) -9 Dr. Selig Hecht. 

ey } a, ‘at ’ 
At the June 26 basesina; Procedures for the Operation of the Vision 
Committee were adopted. A statement of the procedures. is presented 


in the Procesdings- -<<9.<«“<-«< mite gece GTR SOPRE = = WO 


15. Zug Chetzman asked thet Vision Committee Staff reports be read into 
utes of this gre The sonar of the weneeey are eUEpentet 


in the” rice ge i f t toe 


“Be "Design for-an Ziuinetion-Spesen for the Mark v Surface . 
Lookout Alidade"='= «8-2 eee ae = er 


Se — 
Ne ae Seale Gea 
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C. "fhe Effect of Smoke Screens Upon Target Visibility"= - - - ~ 
D. “Manipulation of Tiffany Visibility Data for Use in Predic- 
sons of the Efficiency of Binooulars"- - + -<--=--<----= 777 
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PHYSIOLOGICAL FACTORS DETERMINING THE ne ete OF BINOCULARS 
AT NIGHT 


Dr. He Ke Hartiins, Dr, I. He Wagman, Dr. L. Jd. Milne 
| Johanson Founda tion, University of Pennsylvania 


(These reports summarize the material contained in OSRD Report 
Nos 6099, October 31, 1945, which is now declassified) 


An attempt has been made to integrate recent Laboratory 
studies of the effectiveness of binoculars at night wi th’ 
investigations conducted to determine the probable physiologi- 
cal mechanisms involved in the use of binoculars, The various 
research projects reported herein were conducted under the 
general supervision of NDRC Section 16.1. Laboratory teats 
of the increase in target visibility with various service bin- 
oculears at night have been reported in OSRD Reports No. 4433 
and Now 6128, representing the Dartmouth College and the Brown 
University projects, respectively. The investigations con- 
cerned with problem of ‘physiological mechanisms were conducted 
by the .Johnson ‘Foundation and ‘are to be dnt in OSRD Reports 
No. 6098 and Noe 6099, 


a tae two general “ands of fin pe G61, Geet Ga factors Rid Ved 
in the effectiveness of ‘binoculars at night are; (1) the 

effect ‘on visual functioning produced by unsteadiness in hold- 
ing the instruments, and (2) the effect on visual functioning 
produced by light loss. An experiment conducted at the 

Johnson Foundation indicated that only these two factors were 
present’ in the Brown laboratory tests of binoculars. It was 
shown :that: when unsteadiness of holding was completoly eliminated, 
thresholds were obtained with binoculars completely in accord- 
ance with threshold predictions based upon the increased magni- 
vs gareatioe and the loss in brightness produced by the. instrument. 


hk method was developed by Wha ch’ the visibility of targets 
_throvgh binoculars could be computed from naked eye observa- 
tions assuming complete elimination of unsteadiness of holding. 
In, order to make this computation, the retinal illumination 
with:a given»binocular was° computed, utilizing data for the 
transmission of light: through - ‘binoculars and data for the size 
of the limiting aperturs of the optical system. Measurements 
of the transmission of optical instruments were made by visual 
photometry. The size of the limiting aperture was established 
by determining whether the exit pupil of the binocular or the 
pupil.of ‘the eye was the smaller aperture. Data for the pupil- 
lary diameter at various levels of surrounding bri het were 
taken from the extensive British study (ARL.N@/0.502, April 
1942) sand from 0SRD Report No. 6098, Proper allowances Kekona Bi 
been made for the limiting aperture and for the loss in br 
ness.in the binocular; retinal illumination can be. Balaieaee” 7 
for any binocular wnder specified viewing conditions. (Because 
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14 
of the small-angle surround utilized, there was no appreciable 


contrast reduction in the binocular tests at Dartmouth and 
Brown. 


In order to evaluate the visibility of targets once the 
retinal Lilumination is known, interpolations must be made from 
the naked eye data reported by Brown University. A special 
system of interpolations based upon theoretical equations has 
been developed, By this procedure, the relative visibility of 
ebjects seen by the naked eye and seen through a specified 
binocular can be predicted. . 


Unsteadiness of holding has been shown to consist of two 
effects: (1) misalignment between the exit pupil of the bin-~ 
ocular and the pupil of the eye, and (2) angular tremor. 
Experiments at the Johnson Foundation indicate that the loss 
in efficiency due to unsteediness is divided about equally 
between the two effects, Misalignment errors were measured 
by infrared phovogrephys In addition to the error produced 
by incorrect I.P eadjuatment or other incorroct: positioning, 
1t was found that the movement.of the eyes during scanning of 
the binocular field causes unexpectedly large brightness 
losses because of "clipping". The magnitude of angular tremor 
was measured both in the laboratory and at sea by photographing 
@ light projector mounted upon the binocular, or by photograph- 
ing a point of light mounted in the field with a camera mounted 
on the binoculars. It was found that angular tremor under 
field conditions was often two or three times as aairee as that 
obtained in the laboratory. 


An attempt was made to ascertain whether the effect of 
tremor could be explained using naked eye observations as 
follows; It was assumed that temporal summation in the retina 
was complete. In this event, the effect of angular tremor 
would reduce to the increase in the area of the retinal image. 
Naked eye observations demonstrate that if the same target flux 
is distributed over a larger area of the retina, there is a 
resulting loss in efficiency due to imperfect spacial summation. 
An attempt was made. accordingly to predict the loss of effi- 
clency resulting from angular tremor. on the basis of ‘the loss 
in efficiency resulting from,increase in image size. It was 
discovered that if an angular tremor be assumed commensurate 
with that measured in the laboratory, in many cases the effect 
of tremor could be predicted on the pashe tenon: of reduced 
spacial summation. ) 


In general, the analysis hes indicated med if allowance 
is made for the retinal 1llumination and for the enlarged size 
of the target image resulting from tremor, good agreement can 
be obtained between laboratory data with the naked eye and - 
laboratory data with binoculars, Misalignment errors are. 
always present, of course, and inclusion of an allowance for 
this factor in the analysis serves to reduce the amount of 


~ectaomrncnee 


tremor which must be assumed to explain the loss in 
efficiency obtained in the laboratory. The analysis appears 
satisfactory in many cases to explain completely binocular 
effectiveness, It was pointed out that theoretical consid- 
erations do not explain the experiments reported by Brown 
University on ithe effectiveness of exit pupil size. Furthere 
more, the Dartmouth data remain somewhat anomalous in that 
these binocular results can be predicted completely by 
assuming perfectly steady holding and allowing only for the 
brightness losses in the pln seman 
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| DISCUSSION: © 


Dre Wald SGmsen bed: that the abeéeannen of biAdculars was 

| applicable only to “ight use since different prob- 
Lems exist at high intensities. He emphasized 
that retinalcillumination is no longer critical 
in the daytime since visual functions do not under- 
go change with ‘large “reductions “in the retinal 
Llluminetiony. He raised the question whether « 
a@ifferent set of factors would be involved if e& 
visual acuity problem rather ‘than 8 2 dight detection 
problem had been used. 7 o 


Professor Miller interjected the. th cuptit that léboratory 
| teats at Brown Andicated radicsl changes in the 
‘ performance of binoculars as field brightness was 
aes increased to. the twilight zone. ‘Under these cir- 
oo» © GCumstances, ‘there seems “to be an increase in 
: detection because ‘of “the motion ‘of the target image 
on the retina produced ; “bY: angular tremor. 


Dre Hartline men tioned! ‘that in ‘assuming temporal summation 
| at low brightness, he had taken into account the 
"action time" of the retina, using approximately 
1/5 second for low brightnesses. It is known that 
Teens | ihe action time af es smaller at high ‘brightnessea. 


Professor Miller arbineixiged thet: thous is apperenuLy a dif~« 
ove Devoe ference im the retinal units utilized with the 
Bg bils maked eye and with pinoculars. Tn the twilight 
hoonse iv otegh observers apparently rely’ upon the rods 
with binoculars and the cones with the naked eye. 
This pe at reduces the effectiveness of bin- 
mfr LOomot /oculars im the twilight brightness region. ‘This 
iB ek conclusion was reached as the result of an expeori- 
Stoel - ment in which e)smail red target was used. With 
cho Be binoculars, the: target ‘lcoked | white, whereas with 
2 the naked eye it was’ seen as red. : 


Professor Hardy commented upon the ‘effectiveness of binoculars 


of © «4m the daytime and emphasized thet the atmosphere 
io most likely the limiting factor under these 


P hee, Pri hy 
roe | 
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circumstances. He referred to his publication in 
the. May issue of the Journal of the Optical Society 
of America which demonstrates this point. 


Professor Hardy made the interesting suggestion that a 
Galilean telescope might prove extremely valuable 
for military purposes because of the ease with 
which the eye canbe properly positioned, He 
suggested that it might be feasible to develop a 
large field Galilean at the expense of adequate 
correction at the edges of the field. He believed 
that observers might be trained to move the binocu- 
lar with the head so that the eye would always 
utilize the corrected center of the field. In this 
way, the known disadvantages of the Galilean might 
be avoided and the problem of positioning binoculars 
correctly might be eliminated. 


Professor Miller expressed the opinion that such @ Galilean 
folescene might be wpelag vig Areca easeso for night 
ViSiLONne 


Dr, Beck, in attempting to explain the Brown exit pupil series, 
remarked that there may have been less angular 
tremor at Brown than would have been expected 
because the observers were told to consider the eye, 
head, and bineculer es a “functional unit". If this 
were the case, the increase in exit pupil would not 
produce as much effect as Hartline would expect 
because the binocular would be positioned correctly 
even with the smaller exit pupils. (However, the 
increase in retinal illumination with increase in 
exit pupil should still produce an increased visual 
ont ihe which was not apparent in the Brown 
results). 


ee ee ee a 


Professor Miller reported studies at Brown te i concern- 
ing the relative effectiveness of monocular and 
binoculer vision. He reported that the addition 
of the. second eye was more effective with naked eye 
than with binocular settings. He attributed this 
to the difficulty of, proper maeenee experienced 
with binoculars, 


Dr. Brackett cautioned. the. group ageinst Aree Pp the conclu- 
sions reached to. problems in which: binoculars are 
used for visual tasks other than mere light detec- 
tion. He emphasiged the great usefulness of high 
powered optical instruments in recognition of detail 
of military targets. 


Mr. Blackwell.asked whether it was possible to explain the 
Dartmouth results in any conceivable way. 
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Dr. Beck thought the better performance at Dartmouth might 
be explained by the fact that no scanning procedure 
was used, Experimental work at Brown in which 
' gcanning was involved indicated substantially 
higher binocular gains. 


Dr. Wald pointed out that monocular trials should approach 
theoretical expectations more closely than binocue 
ler trials. In the use of binocular instruments, 
changes in accommodation result in changes in 
convergence which produces a change in the inter- 
pupillary distances. Since this deviation results 
in misalignment of binoculars, there is a subsequent 
Loss in efficiency. 


Dr. Wald expressed himself in favor of the kind of binocular 
developed by the Johnson Foundation, whose center 
of gravity was in the head of the observer, 


Dr. Hartline regretfully stated that the binocular so con- 
structed did not perform satisfactorily in the 
field tests at New London. 


Professor Miller emphasized that the particular binocular 
was at fault rather than the design. 
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PACRORS AFFECTING THE CHANGE OF FOCUS OF OPTICAL INSTRUMENTS 


AT: HIGH AND: LOW TLLUMINATIONS 


_. Dr. George Wald and Dr. Donald R. Griffin = — 
Biological Laboratories of Harvard University, Cambridge 
(This naterlal is now declassified) 


During the war it was reported from a number of sources 
in, this and other countries that the human eye behaves as 
though relatively short-sighted in dim light, and that for 
this reason observers tend to set optical instruments more 
negatively in dim than*in: bright light. A study was under- 
taken to determine thesmagnitude of this effect, and its 
Causes. are fi bade ee eck BL) 


The focusing of binoculars was examined in a group of 21 


observers who made repeated net peny kee reey and indoors, 


at daylight and starlight:levels illumination. In 110 
series of trials the: settings. averaged 0.54 diopter (D.) 
more negative in>dimelight than in bright light. Tho dif- 
ferences in individuelsseries varied widely, from -3.4.D. to 


, +144 Deo as ¢ 77 3 


Several observers regularly exhibited differences of 
setting in dim light» mich more: negative than the average, 
ranging between +l andi-3 D. in individual series. In 5 
such persons the focus settings in dim light which yielded © 
the best visual acuity performance were determined objective- 
ly; they were found to ‘correspond’ closely with the subjects’ 
own settingss «< ©! to ffom 7 6 ! | 


In attempting to account for the relative myopia of the 
eye in dim light, ‘three factors must be considered: (a) the 
opening of the pupil in dim light; (6) the shift of spectral 
sensitivity toward shorter wavelengths in dim light (Purkinje. 


shift), in conjunction:with the chromatic aberration of the 


eyes and (c) possible changes in the “accommodation in dim 
and brightcligahe? csv elcl .sconateat esend ak adatioqe % 


The opening of the pupil eppears to make no important 
contribution: to the effect. The human eye has only a very 
small spherical aberration; and the measurements of Anes and 
Proctor, and others show that in going from 4. day (3 m.) 
to a night pupil «there ds generally a slight lengthening of 
focus (hyperopia) = a Soethee: pppoe te: gui: dawes thon Ye" iis 
one under consideration. It is true that other factors than 

erical: aberration might be suspected to change the focus 


when the pupil is expanded. The following tests show 


directly, however, thatiall such possibilities taken together 
exercise no important effect: (a) No consistent differences 
in, the focus of the eye) could be found, when observations in 


Pe er ees | 
1. so by 
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Gim light made with the natural pupil were compared with those 
made with an artificial pupil 2 mm. in diameter, (b) Previous 
reports were confirmed that when binoculars are focussed upon 
bright stars at night the settings are not significantly 
different from those made in daylight, though the pupils are 
very different in size. Possible effects of chromatic aberra- 
tion are excluded here by the circumstance that such star 
settings are foveal, and hence do not involves the Purkinje 
shift. .{c) Binoculars were focussed in the laboratory upon a 
monochromatic target in bright light (central cone vision) 

and in light. so dim as to involve only off-center rod vision. 
The ee things in dim light averaged only about 0.1 D. more 2 
negative than in bright light. The effects of chromatic 
aberration were excluded in this experiment by the monochra~ | 
maticity of the source. It is concluded that within the 

limita af accuracy of these observations, the opening of the 

pupil does not appreciably affect the focus. 


It has been known since Newton that the human eye exhibits 
a very considerable: chromatic aberration; it is increasingly 
myopic the lower the wavelength. In a new series of measure- 
ments the chromatic aberration was determined in 14 observers 
between 750 and S65 mp. Over this range of wavelengths the 
power of the eye was found to increase on the average about 
3o2 Des about 2/3 of this change occurs between 492 and S565 mp. 


In going from foveal cone: to peripheral rod vision, the 
maximal sensitivity of the eye shifts from about 560 to 505 MU» 
Our measurements show that this change involves an incresse 
in power of the eye of about 0.35 = 0.40 De Itomay be expected 
therefore that optical instruments will be set this much more 
negatively in dim light on the basis of the chromatic aberra- 
tion of the eye alone. 


The observed average cmetiakie of setting of binoculars 
in dim light (0.54 D.) was significantly larger than this. 
Furthermore, as stated above, some observers regularly 
exhibited differences of setting in. dim light much larger then 
the average... Some, factor in addition tocchromatic aberration 
must operate in these instances, This was found to be § 
involuntary accommodation. 


A group of 6, observers who. chose eéttd nat mich | 
negative. in dim.than in bright light, and in ‘whom this ‘nega- 
tivity of setting had been shown to correspond closely with 
the condition for optimal visual acuity, were treated with 
homatropine, or homatropine and paradrene, to paralyze the 
accommodation. ~ In every case the aubjectst own settings in 
 @im light, and -the objectively determined optimal settings for 

visual acuity, became Gistinctly more positive. That is 
the special negativity of setting of these subjects in aim 
light was abolished by paralyzing the accommodation. What 
residual negativity of setting remained could be explained on 
the basis of chromatic aberration. 


’ 
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It is concluded that under the present conditions of 
measurement observers set binoculars on the average about 
Q.5 D. more negatively in dim *han in bright light. About 
0.55 - 0.40 D. of this change appears to be due to the 
Purkinje shift, in conjunction with the chromatic aberration 
of the eye. The remainder is due to involuntary accommodse 
tion in dim light. It was shown in a number of Lnstances 
thet the negetive settings chosen by observers in dim light 
were close to those which yielded the best visual acuity. 


¥, detailed account of this work @ith the same title as 
above) has appeared in CMR Report Number 4935, 31 December 
1945; and will appear shortly also in the Journal of the 
Optical Society of America, 


DISCUSSION: 


Dr. Tousey reported briefly the experiments conducted at 
NRL to determine the optical focus of binoculars 
at night. <A more complete summary of this report 
will be found in the Proceedings for Wednesday, 
June 26, 


Dr. Gardner suggested thet part of the effect attributed to 
the chromatic aberration of the eye might be 
caused by the chromatic aberration of the bine 
oculars. Following this discussion Dr. Wald and 
Dr. Griffin checked this possibility in a series 
of measurements with the standard 7 x 50 glasses: 
"It wes found that the change from 560 to 505 m 
associated with the Purkinje shift would introduce 
a chenge of setting of the binoculars of about 
+0.05 D. on the basis of their own chromatic 
aberration, This is opposite in direction from 
the observed average change in setting in dim 
light and is so small as to be almost insignifi-~ 
cant in the type of observation under discussion." 
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A BRIEF REPORT 
ON 


RESULTS OF THE FIELD EXPERIMENT ON OPTICAL INSTRUMENTS 
We. S. Verplanck, Lt. USNR 
ae bd Nay 4a now declassified) 


Since a dak ow oe of the procedure followed in the 
field experiment on optical inatruments was reported to the 
| Committee during its Pebruary 1946 meeting, and since a full 
| report of the results will appear in the forthcoming Navord 
77~46, this paper will ‘restrict itself to a straightforward 
presentation of results. 


Since the earlier report, it has been found possible to 
combine the data obtained on a single instrument from the 
several sets of runs during which it was tested. Our final 
results, then, are presented in terms of Relative Range 
Performance curves, which give the probability that a given 
instrument. will yield ranges of various percenta es of the 
_— mmo yielded dy the ne THSORT « 1° hand-held | 
netrument. , 


TALE 1 ra 
»5O RRP Values Obtained on fiand-hela Binoculars, 


| 7 if Be Observations — Day Observations 
Instrument ; ap Ss 


6x42x12° = 95.5 100.0 
7x50x7 1° 1000-5. Desk 100.0 ‘ ; 100.0. 
7x50x10° ere ee. eee te 102.5 
8x602z79( ~1d) 105.5 103.8 eer 
9x65x5.79 Le a oO OS ? gen! 
10x60287 510-2 186 eet "BH oy ee 
LOX70z7« 1° (Johnson oftayv 
— Foundation) ve ee ae 4 | 
92.0 7 me = 

BASIC RESULTS: 


1. Deoaiceh’ Binoculer Gstentacee ‘At tent, the 7x50x7,.1° 

binocular lation ranges approximately 2 1/2 times as great 

as those ylelded by the naked fe This -Pebiertia conforms . 

with that "of BuShios investi, La s. During day observations, 

raed eye ranges: a. LL “greater than those of the 
ee Sor 8a > eidatl g SF ES a 
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2.- The Binocular vs. the Monocular: The '7x50x7.1° binocular 
yislaes renges LO® greater than 7x50x7.1° monoculars during 

night observations. During day observations, the monocular 
RRP was 99.1% that of the binocular. 


S$. Hand-held Binocular: Table I gives the 60% RRP obtained 
with hand-held binoculars. Figures IA and B give the RRP 
curves for the night observations from signal bridge and gun 
deck FRAPCAEN ALE 


TABLE If 
250. RRP talues for Mounted Binoculars. 


servations ay servations 
8 Un Cc 8 


Tnatrument: me DO RAP °DO RRP 
6x42x12° mtd. swe Tneomplete ee wee 
6x50x'7° 91.9 - “= 
7x50x7.1° mtd. 115.5 : Lor Qiass 
7x50x10° mtd. - 105, - 
9x63x5.79 mtd. - 120.2 ~ 
10x50x7° mtd. 122.3 ~ 117.5 
10x70x7° (NDRC) 119.5 £0 Sas = 
1L0x80x'7° 133.0 - 114. 
20x120x3° 188.0 - 193. 
26x100x3.6° TS 179.9 > 173.5 
TABLE III 


eDO RRP Values for Mounted. Monoculars ° 


& y 0 6 oiena sss ize) 
tee | Mhepe phaervetions Day. Observations — 
Instruments: Ber ones 


4x28x10° 53.0 97.2 
6x50x8 .5° 53.0 _ 
6x55x8 64.9 100.. 
6x33x7° Data insufficient |  Obe | . - 
16x96x5.2° 117.0 vOA isisoonlt Si.Tx0CRV od 
21Lx76x2.89. oo \t FOE Os SALKOUGGS 26908" Oleg Ss | 

ie: cd 
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4, Mounted Binoculars: Table II gives the .50 RRP's of mounted 
binoculars, and figure 2A and B, the RRP curves obtained 
during the night runs. 
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5. Mounted Monoculars: Table III gives the RRP of mounted 
nonosulars, and Figure 3 the RRP curves obtained during night 


6. Magnification; From the data of 3, 4, and 5 above it 
anes te that within the range of magnifications tested, RRP. 
tt cabe Mont bsay’ the OF BERT. catl on. The empirical equa<- 

© relationship. ag iis bes aapisiel by t 
of least squares, are as ‘follows: — ee 


(a) Hand-held binoculars, night, 
RRP 4.3 M+ 7004 


(>) . Mounted. binoculars, night. 
‘ORRP & 6.5-M + 59.7 | 


to) ~ Wounted binoculars, day. 
RRP = 4.0 M + 72.0 
where M is equal to the linear magnification. 


7. pinbour er Mounts and Vibration: Figures 4A and B, ‘and 
Figure 5 giv 8 of a series of: hand-held and mounted . 
binoculars obtained at the standard speed, and at. a speed 

of 17 knots which provided ‘maximum. vibration. Careful analy- 
sis of these data, and of. the actual ranges. obtained, indi-. 
cates that the 10x50x7.1° hand-held. binocular range remains 
approximately constant, as do the ranges of the 7x50x7 1° 
binocular in various mounts. The. 7x50x7.1 hand-held bine , 
ocular ranges. deteriorate with Vibration, as do those of the 
hand-held 7x50x10° and 6x42x12°. The mounted 10x50x7.1° bin- 
ocular RRP improves. These results are contrary to theoreti- 
cal expectations, which would predict. deterioration of the —. 
performance of hi gh-powered 4netruments with vibration, with 
lower powers Be byine relatively advantageous. 


8. Fixed Focus; An 8x80x7. 17 binocular with. focus fixed at 
#2 diopters yielded an RRP. approximately 2% greater than that 
yielded by the pe instrument used at -1 diopter. More 
thorough analysis of the data shows that this finding on a 
group did not hold. for. ndividuals. Some did substantially 
better with the <1 diopter focus. It 1s noted that the per~ 
formance of an individual in these two fixed-focuses could 
not be related to the onae obtained by the pkeegver. when 
= to. FOkSERIOE his o | 


No. SAteiends ab ened: to be » yielded to an 
ete pnoviaton of a headrest. 3 
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10. Search: Analysis of data obtained on search for the sub- 
_ marine or submarine chaser shows that differences among 
optical instruments: are. substantially less when determined 

on problems of search than on examination of fixed targets. 
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ll. Interaction: of 12 par hla using three different 
instruments, the 7%50x7.1°, the 7xd0xl0° and the. 10x50x7.1° 
hand-held vinoculars, three performed best on the first, four 
on the second, and five on the third. The differences among 
observers were substantial. Analysis has not yet yielded 

the basis for this effect, but it is not believed that it 
seriously affects the results of the. comparisons which have 
been made, since a large sample of observers was employed 

on gach instrument. 


Sublective Evaluation: Subjective evaluations of optical 
nstruments on the dasis of suitability for constant use 
(search) by those who have used @ variety of instruments have 
@ remarkably high validity (r = .70). However, this sub- 


jective evaluation is made not only on the basis of the 
instrument's utility, but also on its “ease of handling", 


SECONDARY RESULTS: 


Secondary analyses nave been ide ‘of the ranges. obtained 
with the standard trument. largely on one discrimination 
(Target 3 ~ 100%) for night use, and on three for day use. 
These analyses, then, include only a small fraction of all 
the data obtained. For that reason, the findings must be 
considered as tentative, and not. as reliable as cts would 
be 4f more data were: included. 


Criteria of Seeing; All eee’ were able to set up, and 
adhere to, @ ae criterion for reporting "first glimpse" 
and "100% frequency of seeing" of the targets. Considerable 
variation appeared among observers in criteria for reporting 

"positive identification" of targets. This criterion, 
atti proved to remain ‘Pelatively. constant. for a given.. 

observer. 


Observation Position: A substantial difference was found . _ 
$6n ranges obtained on the. Sienth, Pecece ene -on the gun. 
deck, at nighte. Thie did not appear ft @ day. runsse No |: 
marked Gifferences: in ranges or rarthutitsy wer 6 found among 
data obtained at each of the six positions on the signal ea 
bridge, ¢ or of the three positions on the - gun deck, at night. . 


Visibilit $ ‘Highly reliable ‘statistical differences were 
Tound emong the performances obtained on different dates. 
These may be, eat hs ag hte ed to visibility differences. It 
is antleipated that further. analysis, based upon more com- 
plete data, and employing the Tiffany data, may yield’ values 


Tape a Wak 
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of Beta, the coefficient of atmospheric extinction for each 
night, and consequently make possible a more meticulous com= 
parison of the instruments. 


Wind: The date indicate that high winds yield greater 
Variability of performance, without decrease of mean ranges 


Individual Differences: Analysis of the data to date show 
conclusively that consistent individual differences among 
observers exist. Four groups may be distinguished. These are; 
(a) consistently good, (b) consistently poor, (c) "average", 
and (d) highly variable observers. The good observers soem 

to show absence of phoria, as measured by the Orthorater, and 
the poor ones have a large proportion of RPA scores below 
10/10. No other tests have yet proven diagnostic of perform- 
ance, These results, however, are tentative only, since the 
data on many of the observers are few in number. 


DISCUSSION: 


Comir. Volk asked whether the New London studies indicated 
that a change in the present Navy binocular procure- 
mont should be made. 


Lt. Verplanck replied that the New London studies indicated 
clearly that 10x50 binoculars were superior to 
7x50. However, in search, there is not as great an 
improvement with the additional power as in ordinary 
viewing. 


Professor Hecht expressed the belief that the New London 
studies indicated relatively small differences be-~ 
tween the various instruments tested. He believed 
that a radically new approach to binocular design 
was needed so that radically greater improvements 
in performance could be obtained, 


Dr. Brackett asked what the visual task involved in the New 
London studies was. He expressed the belief that in 
the New London study, since form recognition was 
not tested, more discouraging results were obtained 
than would result in general. He reported that ex- 
- periments conducted at Ft. Knox while he was with the 
Army, indicated encouraging results with high power 
binoculars at night when recognition was desired. 


Dr. Miller reported that toward the end of the Brown program, 
targets were used which involved form discrimination. 
He expressed the belief that far greater improvement 
was obtained with binoculars than had been obtained 
in the earlier experiments. 


 — 
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THE RELATIVE RANGE PERFORMANCE 
OF HAND HELD BINOCULARS 
BASED ON THE VISIBILITY OF TARGETS AT NIGHT WHEN 
VIEWED BY OBSERVERS POSTED ON THE SIGNAL BRIDGE 
OF A DESTROYER ESCORT TRAVELING AT 9 KNOTS 
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PERCENT OF MEAN RANGE OF 
HAND HELD 7X50X7.1 BINOCULARS 
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THE CONTRAST RENDITION OF OPTICAL INSTRUMENTS 
Dr. Howard. S.. Coleman 
The snag ebaoate State pogdoge 


29 


An $504 cat dinntttie referred to as *Gontrast Rendition" 
of optical instruments, is being studied at The Pennsylvania 
State College, under terms of Navy Contract NOrd-7958. 

This quantity 1s:a measure of how nearly an image of an «,. 
object formed by an optical instrument. rogemblep the objet | 
with respect to brightness contrast. eee | 


The Contrast Rendition {(C.R») of an optical instrument 
is defined by the following: equation: | 


si treaba& o) so its Where! G,- equals image 
CoRe = a~* 100 _~—C -eontrest, and, C, equals 


” RPUSEF contrast. 


“The. contrast. of' an. image. of. An. betecn instriment. ‘Ti 20 
Ri cea by stray light, scattered. over.it., All, instruments 
have a certain. amount , of, etray, light resulting from’ reflect. 
“tion from the optical and mecnanical DOE “Ao end hence a 
Contrast. Rendition of less. then, 200%» oD @ 


ee THe” range at which targets ‘are visible Maneen. ‘upon the 
contrast of the terget.. Any reduction. in.the apparent 
contrast of a saves poquares that.the observer. reduce. the | 
distance between him and the target to render it visible. . 
if, seererents do Contrast Rendition of an optical instrument 
is.less than 1 the. vinnewa equi: not ape acer as far away 
as if it were. S008. | reread. 


' It ts of interest. to. determine the . all ctoene ‘of Canbeiaat 
itowe Brae on the effectiveness of an optical instrument, and 
to compare aSe importance with hy ai yc to ie 
the range at which targets, are visible, euch es the meg 2 
oars. Light , Shimane: and; optical aberrations: a: 


“In the statementa-that. ‘follow, “the chardath piedl de: of 
nie: intents. ‘eye do,not appear explicitly, as’ the conclu< 
sions ara intended to refer only to: the characteristics of 
_ ona eid under consideration. 


: SAE eC sceny oenemanperiiee of ‘Contrast ‘Remeichllereceute boen 
ae under different, conditions, of. the optical instruments, © 
LLL uEhne Es oe target sige. varget contrast, light transmis= 
» and field angles,: These measurements have been con+" 
a pred. in terms of the oss of: range caused by imperfect © 
_ Contract. Rendition for eighteen aifferent bineculars (356 
single ee apse pope mere é my! be eed the PaRLOWE AES 
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Le The Contrast Rendition of a given design of 7x50 
binoculars is substantially identical, 


a The Contrast Rendition is less perfect for 7x50 
binoculars coated with magnesium fluoride, under most conditions 
of illumination, than non=coated instruments. 


&- The loss in range caused by imperfect Contrast 
Rendition (90%) for carefully cleaned 7x50 binoculars may be 
as much as 25% under conditions of Lllumination.in which the. 
target brightness is 0.1 of that of the background. 


~~ e@e : The loss im range caused’ by imperfect’ Contrast 
Rendition of 7x50 binoculars occurs for targets of any pratical 
size. 


6. The Contrast Rendition is independent of the 
target contrast for 7x50 binoculars. : 


& <A single thumb print on the outside surface of 
an objective of a coated 7x50 binocular may cause as much as 
10% loss in eo, for high-contrast targets, and 50% or more 
for low-contrast targets. These losses mentioned refer to 
uniform Lllumination conditions of the ‘background of the target. , 


% The Contrast Rendition of sixteen carefully - 
cleaned Mark 32 binoculars was found to be 90% on the average. 


8.0 The ‘Contrast Rendition and light transmission 
e we yr Paes ers 9 are constant for total field angles of 
a east ‘ae * os F ( C. oe Toy: = By Gi. 


‘Qe From a general’ point of view, Contrast Rendition 
in optical instruments appears to be at least as important as 
light transmission, and magnification (assuming the exit pupil 
= the same in each case, and larger than the maximum pupil 
fe) @ 6y@. 9 | Oo 28 10 886 . ; plrachanaga sd 


‘35010. The Contrast Rendition for Mark 32 binoculars - 
does not depend upon the “optical pepe pal The axial KsD.C. 
efficiencies for sixteen Mark S2 binoculars ranged som 468 to 
92%, and from 10% to 92% fora true field ‘of up ‘to 4°, while 
the Contrast Rendition did not vary by more ‘than a féw per~ 
cent from 90% under ‘the same conditions, © 9 9° 988) 88 oho. 


” 


fa fousiv ects 

The loss in range caused by imperfect Contrast Rendition, 
light transmission,’ and magnification in "7x50 ‘binoculars has 
been analyzed on the basis of data reported under terms of _ 
OSRD Contract OEMsr-597. These date were collected at the 
Louis. Comfort Tiff Foundation at’ Oyster Bay, Long Island. 
This analysis indicates, that it 4s convenient to ‘consider ‘the 
visibility of targets for: three general ‘levels of illumination. 
These ares. Caglt ent {over 10” footlamberts), twilight (10-4 5 
footlambertsa), and starlight (10-4 footlamberts). 
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The sensitivity to reduction in range caused by imperfect 
Contrast Rendition, magnification, and light transmission, 
under the three levels of illumination, is und6ér consideration. 
The preliminary study implies that losses in range caused by 
imperfect Contrast Rendition cccur at all brightness levels, 
and that this is not the case for the magnification and 
light transmission of the visual aid under consideration. 

These implications are of considerable importance from a 
military point of view, and, therefore, should be reviewed 
carefully. r+f80°'! | ie 


An analysis has been made to ascertain whether the New 

London binocular test results can be explained on the basis 
of the contrast rendition and light transmission of the instru- 
mentse Measurements on all:the instruments used in the New 

- London study were made of contrast rendition, Light transe 
mission, and magnification. The relative efficienties of the 
several instruments were computed from these measurements, 
together with the Tiffany visibility data. These efficiencies 
express the amount by which the range of target will be 
increased under standard New London atmospheric conditions. 
It was found that, almost without exception such an analysis 
was sufficient to predict with precision the performance 
actually obtained in field test at New London, °‘In order to 
rationalize the fact that the New London results are predict. 
able on the basis of measurements of optical quality in 
conjunction with visibility data, it must be assumed that 
such influences as misalignment and tremor are constant for 
ell instruments. It is believed that the gratifying similari- 
ty betwoen results obtained at New London and those computed 
makes possible the prediction of performance of instruments 
without the necessity for field tests. 


DISCUSSION: 


Lt. Comdr. Pulling summarized ways in which the Vision ? 
Committee had served the Bureau of Ordnance during 
the war years and emphasized the need for further 
research and coordination of knowledge of optical 
instruments. : 


Dr. Hartline asked Dr. Coleman how accurate his predictions 
would have been if he had omitted the influence 
of contrast rendition. 


Dr. Coleman replied that at least one-third of the reduction 
in effectiveness of the binoculars was caused by 
contrast rendition. Without this factor, the pre- 
Giction would have been much less satisfactory. 


Dr. Miller emphasized that the contrast rendition factor did 


not enter into the Brown or Dartmouth studies 
because of the small angie surround used. 


a 
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Dr. Brackett emphasized the necessity for sunshades in order 
to reduce the large amounts of contrast rendition 
which Dr. Coleman has shown to be important to the 
effectiveness of binoculars. 


Dr. Neuberger cautioned the group against asoastead the 
Tiffany nomographs as entirely valid because of the 
inadequacy of the law of atmospheric scattering 
under certain circumstances. He emphasized that 
Koshmeiders formula is valid only for exceptional 
atmospheric conditions in which clear sky or uni- 
formly cloudy sky is present. 


Dr. Hartline emphasized that the various seperts whi ch had been 
Giscuesed: contained together sufficient information 
for good prediction of the effectiveness of bine 
oculars. He emphasized the need for coordination 
of the available information into a. form whi ch would 
make it readily useful to the services. 


capt. Shilling coneurred in Dr. Hartlinets opinton ‘and verry 
-. othe Subcommittee on Binoculars to meet and return 
to the Committee a recommendation concerning a 
mecheniem for meses gers ery knowledge ° on binoculars. 


gi 
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CORRECTION OF REFRACTIVE ERRORS BY TRAENING 
Dr. Frederick K. Reid - | 


(This catered Le not classified) 


In connection with routine. testing at ‘the tnt ted States 
Military Academy, West Point, studies have been made of the 
extent to which low degrees of myopia can- be improved, 
Results are reported for 35 patients. of this group, 20 ned 
been placed under a definite regime of exercise during their 
college schedule to improve vision; the remaining 15 were 
examined at various times during a normal rit sy tc schedule 
whieh did not include special exercises. | 


It was found. that a definite 4nerease in thdeedvemerit 
resulted in 17-of the 20 patients subjected to éxerciss, 
The amount of improvement varied from subject to subject: 
Prom the control group 1t was: learned that improvement was - 
often, the result of rest alone.) In the cases where improve- 
ment in visual acuity was obtained, the refractive error 
under cycloplegia was not altered. The improvement obtained 
was complete after a period of from two to six weeks of exer- 
cise. It was the belief of the experimenters that the im- 
provement of visual acuity was accomplished by training the 
patients to relax their accommodation. A portion of the 
_ original diminution of acuity was thought to be the result 
of accommodation spasms.: The patients who showed improvement 
in acuity had originally less than: normal accommodative Pange. 


It was found that the improvement in soulty was elimi- 
nated when the patients underwent pang sesestesgin a in 
apige. of pontinnes saree - 


DISCUSSION: 


Lt. Comar. Farnsworth asked Dr. Reid what test objects had 
109 been used for: saabinge visual acultys Pg: 


Drs. ‘Reid reported. that. the regulation: Snellen Chart: and the 
Landolt ¢C tests were-used. An attempt was made to 
atan@gardize the illumination on the charts. Dr. 
‘Reid reported that they found 20 to 25% less im- 
Une thed. in visual } seutlay as dt tat by’ the Landoit 
C ne eri 


Dre Tousey. asked whether. thore were » changes. an » satiguation 
from. day: to Gaye . 


Dr. Reid reported that small changes of fein te Scaeitiiet ae to § 
to 10% were found. 
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Lt. Comdr. Imus asked whether it might not prove desirable 
to give the patients who entered the exercise program 
used base-in prisms for close work. 


Dr. Reid replied thet they had never attempted such a program 
except that patients who entered the exercise 
progran used baseein prisms for this PUPPOBE’s 


Dr. Beck asked how the improvements of acuity varied: for dif- 
ferent kinds ot original refraction. 


‘Dr. Reid answered that the studies undertaken at West Point — 
/chad not shown whether hyperopia could be similarly 
diminished by exercise. Dr. Reid took the occasion 

to remark that there was still a need for standard- 

ization of visual exeminations for entrance into the 

Army, particularly for commissioned : personnel. | 


Dr. Wald, referring to. the conclusion that Dr. Reid has reached 
that relaxation of accommodation was responsible 
for improvement in acuity sugeested the possibility 
that it was not the close work but rather the strain 
and tension of academic work which produced the 
reduction in: acuity. 


Dr. Burger emphasized that the study was ‘concerned ‘solely with 
a limited age group. He emphasized that the progress 
of myopia differs with age and that the conclusions 
reached in the Reid study might not be valid ‘for 
other age Groups. 


Dr. Sulgman remarked that it is not nate to punctate” that 
myopia results only from close work in that there 
is an equally high incidence of myopia among normals 
and $231 covates. He referred to the conclusion of — 
Bacon that visual acuity is related to thyroid 
activity. 


Mr. Blackwell remarked: that ‘the. smaller degree of Sinprovement 
with the Landolt C chart indicated the possibility _ 
that no improvement: would be obtained witha chart © 
: moesuring, sheer retinal resolution. rene 


Lt. Comair. Farnsworth: ohanbneed: ‘the pelief: that the! ‘Landolt 
7 2. test went, aclongiway toward testing retinal reso- 
lution, at least compared to the Snellen charts. 
He suggested that at the conclusion of the AGO visual 
aculty research it might prove desirable to recommend 
the use of a new type of chart for any future tests 
of dips sort. : 
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THE EFFECT oF SPECTACLE LENS POWER ON POLNT:. SOURCE | 
AND VISUAL ACUITY THRESHOLDS 
Dre Richard Tousey — 


| Naval Ressarsh Laboratory. LOste 
(this material is not shenst raed) ° 


Las 


a ee Experimental work indicated that many individuals eT % 
normal daytime vision:will gain very significantly in ability 
to see at night if they wear at night negative spectacles of 
_ the proper power. The gains may be as great as three times 
 dnmtrpange in certain cases. |The cause for this is that the 
_ «-@ye; becomes nearsightedsat nights«: sfhe optimal focussing of 
binoculars at night is discussed and the possible causes for 
:- “aocturnal: arenta’s are doneidersds : 


= INZRODUCTT ON 3 | Re 
“During the lest fewoyearsoktchassteen tndepéritently - 


observed by several persons that somewhat better vision at 
 night-often resulted from the use of spectacles one, or even 


correction. A simflar effect has been observed with binocu- 
lars, which: most persons tend to focus a diopter or two more 
, negative at night then by day, This means that. the normal 
 gighted eye becomes nearsighted at night. I should like to 
prepoes ear this effect _be called , Nocturnal Myopia," 


en This was noticed att: MRD iri 1943 and commented on in a 
Apes 4 on gufisight reticles. ‘It turned out thatthe French 

end the Spanish also knew about it. The British made exten-— 
sive qualitative investigations of It end published a very — 


has talked about it on various occasions and yesterday Dr. 
ald reported to the Subcommittee on Binoculars on his 
nvestigation of this effect in binoculars. As a further 
check on the existence of the effect, Lt. Comir. Nolan and 
atthe Vision Committees meeting at * Port “Knox, passed 


minus one slip over spectacles, which I always carry with 

as a nighttime visual eid. We received favorable comments — 
eir effectiveriess from 14 out of. 2h persons: ‘and no one 

that iages pp pombe viston.’ | . 


ve! been gative ahtalentne an norseltieatel si nt anai® 


several’ years’ in an attempt to assess the 

exaheo bey cape ben ‘to-run'down the causes. ‘The — 
i ; i from complete, but I would’ ‘Atke to” 
onieiemndl ate thie time. — 


y two diopters more negative than the observer's normal daytime 


good report covering most of the causes. |The Vision Committee 


round’ to the group during the outdoor nighttime demonstrati on 


ed on experimentation at Prregular intervals over Feat 


‘5 ane 


Vt 


oe 7 ‘ 
Ni Se a gene 
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Methods of Experimentation 


‘At NRL Lt. He A. Knoll, Mrs: Ms. Koomen, Mr. W. Allen and 
I have attempted, first, to measure the effect on various 
visual thresholds of spectacle lenses of different powers and 
second, to devise very special experiments in an attempt to 
determine exactly what causes the negative shift. ‘The thresh~ 
olds measured so far were of two types; point source thresholds 
for a wide range of background brightnesses, and acuity 
thresholds using high contrast barred targets on a‘untform’ 
white surround, 4228 m ds 7 . tf gal 


The point source threshold equipment consisted of a small 
hole placed over the opal glass of a Macbeth Illuminometer the 
head of which was removed and collimated: by means of an Aero- 
Ektar 24-inch focel length f/6 lens. The observer Looked into 
the lens and saw the point source as at infinity. The back- 
ground was reflected in by introducing a plate of glass at 45 - 
degrees between the lens and the observer. Source and back- 
ground were white, of color temperature 235609°K. 


The acuity measurements were made.in a tunnel with target” 
20 feet from the observer and iliwninated uniformly: by means 
of a projector with white light.of 2850° K color temperatures>: 
The barred. target subtended. 4 degrees at the observer,and the»! 
surround in both experiments subtended 14 degrees atthe. 3 Of 
observer, + in ioe acsen esmoosd eye bedrdande 

In order to vary the spectacle power conveniently all ob- 
servations were made through a phoropter. This permitted the 
power to be changed by the observer in steps of 0.25 dicpter. 
Observers who normally wore spectacles removed them, and any © 
astigmatism present was, corrected for by introducing the proper 
corrective lens in the phoropter.. Only the spherical -correc# ©: 
tion was varied during. the, experiments ! . | Bal 


Results 


Figure 1 shows the. results of the point. source work for 
three observers, & myope, an emmetrope end a hyperope. © Curves’ © 
are given for each observer for ae completely dark background ~ 
and for several bright backgrounds. .It can. be seen that the 
lowest thresholds occurred for. powers. between one and twole:> «: 
diopters negative relative to the best correction for daytimey» 
For the myope, whose best vision in daytime was with -4.75 
diopters, best night vision occurred with -6.5, a shift of 
“1.75 diopters. For the. emmetrope shown and several other | 
emmetropes, best night. vision was for «1.5 dloptersa, The: 9 = 
hyerope seemed to tolerate approximately #2 diopters for daye 
time without loss of acuity and his, best: night vision.on point’ 
Seetbiode: was for zero correction, again a shift of about «2 ©) °° 
opters. | 


Ce 


ae 


o7 


Ey At the brighter backgrounds the curves show much 
: ‘gharjex minima than for dark backgrounds. This is reasona~ 
ble, since for compléte darkness the acuity of the eye ia 
' yery low, and @ slightly out of focus patch is about es 
: effective as a sharp image. ‘For brighter backgrounds, the 
effect of poor focus is to produce a disk image of low con- 
trast relative’ to the background and much harder to see than a 
if all the light were concentrated in‘a sharp image, It -M 
would be interesting to calculate curves of thia sort from | 
the Tiffany data and the optics of the eye and ‘see if a 
simple explanation of this sort is valid. — 


The acuity targets were somewhat easier to work wi th ae 
‘than the point source, and Figure 2 shows the results for Bare '< 
the two observers we have measured so far. The data are Bi 
“much more accurate than for the ‘point source, It ‘canbe. 
seen that here again there was a shift of optimal correction 
from high to low levels of approximately -2 diopters. There 
| was very little shift down to about 10 uL, where rod vision eee: 
 pegan to take over, and then a rather rapid shift. The <u 
-. ghifts for the myope and emmetrope were approximately tho ag 
‘seams, Their maximum acuities at corresponding brightnesses 
did not agree exactly; but this wes not ‘surprising. One 
reason probabky’ was that their pupil curves were not alike. 


a Figure 3 shows the | ‘diopter shift for: the eoutty thresh- 
a ‘olds plotted against surround brightness. This shows a 


ss -pather definite ‘bend ‘Below 10 ul, which was near the rod) - oS 
—s—s«sd@ one break, with very “little shift in corréction above this ae 
‘level. ‘The two observers did not agree perfectly and we ae 


believe that the disagreement was ‘real end was more than tho eee 
: experimental ae hae BOS | | oj 


oo he possibility that accomodation cvrlusnced these ie 
results, as Dr. Wald has shown in‘his work‘on binoculars, _ = en 
vhas given us some worry. We have not yet paralyzed the 7 <i 
accommodative muscles and perhaps ‘should do this. However, oe 
all the observers were experienced and especially so those . 


sed with the acuity targets. They were able to accommodate _ eT 
arough conscious effort and also knew how to prevent — 7 
accommodation. ‘ They were aided by the use of binocular 

vision. We have had only a few instances whore cl eg gree 
‘Lon was “sch ada | 


cond 0 relongd! to rome Sopra miles Ukons tow waibh farther 
wOrVver gee at night if ne wears spectacles of ; 
pr? ‘Figure 4 shows the conclusions we have 
ta shown on the previous slides. The — 
: ry, but all point to large — 
ora ting, targets, we see en 
oh See for each level, 
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instead of that which gave best daytime vision, resulted in 
no gain to speak of at photopic levels, but in great gains, 
from 50 to 75% in range, at acotopic levels. For point 
sources the data were conflicting but the curve was very 
approximately as shown and in any case was very different in 
shape from the.curve for acuity thresholds. For. the point 
source the gain was only 15% in pete darkness, but was 
much higher at twilight. 


It was concluded fron these results that the three 
Classes of individuals, emmetropes, myopes and hyperopes, 
actually will secure rather different gains by the use of the 
best corrective spectacles at night. First, consider hyperopes 
of at least 1 diopter. They have excellent vision but have 
to accommodate during daytime, unless they wear corrective 
spectacles, At night they correct for nocturnel myopis simply 
by relaxing accommodation. Therefore, their vision at night 
wlll be excellent and on the average better than that of 
emmetropes. Emmetropes become. nearsighted by one or & diopters 
at night but have no means of correcting for this. Hy use 
of proper spectacies they will. gain 50 to 75 per: cent in 
visual ranges under certain conditions.  Myopes stand to gain 
most of all. Consider first those persons with a email 
degree of uncorrected myopia, 1/2 or 3/4 diepter.. In the 
Services I understand that it is general practice not to pre-e 
scribe corrective spectacles for this amount. These indivie 
duals become very nearsighted at. night. The curves of Figure 
2 show that they should obtain very great increases in night- 
time visual ranges. If they wear the proper spectacles for 
nighttime use, they should see objects two or even three times 
as far away under certain conditions. The second class of 
myope wears spectacles but usually somewhat less than full 
correction for daytime. The myope who made the measurements 
shown on Figure 2 was of this type. His best daytime correce 
tion was -4.75, while his prescribed spectacles were <-4.12. 
The curves show that at night when wearing the best spectacles 
he obtained on acuity targets threshold ranges nearly three 
times greater than when wearing his prescribed spectacles, 


In summary, then, hyperopes will gain little or nothing 
from the use of the. best corrective spectacles at night, 
emmotropes up to 75 per cent in range wtb - up to, three 
times in range. 


These conclusions are. based on measurements with very»; 
few individuals and obviously the work must be carried much ~ 
farther. We ara continuing with the work. We intend also 
to try the experiment out-of-doors at night. Our experiments 
so far have been restricted to surrounds not larger than 15 . 
degrees, One of the next things we intend che we is co use 
180 degree MIRA 
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Effect on Blnooulers 


These results havo’ a atrect vhertsi on the weer focus 
of binoculars for nighttime use, which was discussed by Dr. 
Wald: yesterday. The case of binoculars is complicated, how- 
ever, by other factora, such as the chromatic aberration and 
field. curvature of the binocular, the effective exit pupil, — 
vibration, etc. “However, the shift for the neked eye appears 
7 dp of the same magni tude as has been observed with bine 
oc ars. 


 »oteefheoresulte also bear directly on the Jaascaneiats of 
the Tiffany dateavto calculations of visibility through: bine 
veculars. It would be expected that the observed’ gain at ~~ 
night (bythe use ‘of dinoculars, would be greater than the ~ 
 gain‘as- calculated from the Tiffany data because the binocu- 
chars permit throwing in the optimum correttion for the 
observer's nocturnal myopia and in the Tiffany experiments, 


2 ‘the naked eye without optimal correction was used. This 


seems to: increase the gap which was brought out so clearly 
yesterday betweerl actuel and expected binocular font of bat 


‘ Causes Por Nocturnal ityopta 


“= We come now ‘to the ‘possible. causes for néotasia! myopia. 
D wa following discussion “covers most of the factors. We 
bone do. not — ey lg which ones are reaponetbles 4 


eid: 


ect causes nocturnal myopia to the extent of 
— Qe. opter, Lateral Chromatic Aberration may have 
8 similar effect. 


tousthed. with CHIRON in Walaa de® 
Myopia because at high levels vision : 

veal and the pigmentation pl gr a yollow filter, ~~ 
ereas at low levels vision op sy nea revise es Fin here 
a6 filter os absent + Be mOs | 


tation’ eco ni toietiier’ with © awe teal 
| i @s-Crawford Effect may cause 
arnal | A high lev ols, due to the “con stricted » 
end alsothe Be high Levels, Effect, most of the Light 
! iin effect through the center of the lens which is the — 
st part and therefore the most dense: yellow filter, 
vels the: pupil is dilated and there is no Stiles-' 
it and most a = effective or, enters the 
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of nocturnal myopie. At high levels the center of the lens 
is used principally, due to pupil constriction and also the 
Stiles-Crawford Effect, .At low levels, since the: pupil is 
- Gilated and the Stiles-Crawford Effect does not spply, the 
outer zones come into use and have a very great effect; since 
their areas are proportional to their diameters. The outer 
Zones are myopic by at least a diopter and hence the eye as a 
ee willbe myopic when the outer zones are contributing to 
Sion. B 61 aS ¢ 


5. The pes otuine characteristics of the eye may tend to 
accentuate @ spnerical aberration effect. At low photopic 
levels, vision through. the centrai pup 8 very acute and is 
more acute than vision .through marginal zones even if properly 
corrected for their spherical aberration. This means that - 
the oye will see more by focussing correctly for the central | 
pupil than for the outer zones. This is an added factor which 
weights the center of the pupil. At ecotopic levels, however, 
vision is much less acute. and the outer zones should be cape- 
ble of approximately the same resolution as the -inner zones 
and hence, the resolving characteristica of the eye do not 
tend to the inner zones. 


6. Deperture from sharp focus extrafoveslly may influence 
pePRLS Viaion ii the retina 18 not properly curved to 
follow the field of the opticel system of the oye, for scotopic 
vision uses. the extrafoveal areas of the retina and photopic > 
uses the fovea. It is not known whether this effect is im= © 
teeta or whether it tends to produce or reduce nocturnal 
MyOPlae itevod moltsext | niouss 


7e Accommodation, if present, will produce nocturnal myopia. 


8. In binoculars accommodation, compensated for by the adjust- 
ment. of the binccular, results in a slight increase of magni- 
fication. It is not known whether this results in improved 
Vision. . sqrescl inemyic edt Ons 


We are continuing the experiments to try to separate the 
parts played by these effects in producing nocturnal myopia. 
We have made up a set of annular diaphregms of equal areas in 
order to measure the spherical aberration of the eye. Prelimi- 
nary results show: that thé spherical aberration for the outer 
zones ranges from <1 to -2 diopters or @ven more. We ere = 
making acuity threshold measurements through these annular’ © 
pupils and also using monochromatic target illumination in’ — 
order to separate the effects of chromatic and spherical aber- 
ration. Preliminary work. indicates that the effect of spheri- 
cal aberration is a little larger than that of chromatic = © 
aberration and thet together they account for most of the — 
observed nocturnal myopia. 
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DISCUSSION: 

Dr. Wald remarked that the range gains shown by Dr. Tousey 

ag &@ result of minus lens were much larger than the 

gains shown in the British work. 


Dr. Tousey replied that the renge gains were entirely a. 
function of the kind of target used. | 
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FIGURE 4 


RANGE INCREASE, USING 
OPTIMAL: SPECTACLE CORRECTION. 
(PRELIMINARY DATA) 
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CURRENT STUDIES IN COLOR VISLON 
Lt. Comir. Dean Farnsworth 


| A Ppeien ba of war accelerates the kina ‘of Seo iow which 
“een de made quickly and retards the development: of: researches 
without immediate application. It is also a.period of .- 
frantic drain on ‘the stores of fundamental. knowledge accum- 
lated during more leisurely periods. In World War Il, fairly 
complete answers were found to certain limited problems in 
color vision and no- progress was made on others, 


»- One problem on whteh we are almost ready to close the ir 
research books is thet of designing simple, reliable, instrue 
mente for testing colo? anomalous vision in the Navy. All 
types of tests, represented by over forty individual, instru- 
ments, and including Army, Navy and Air Corps and foreign 
devices, have been invéstigated in the New London Color Vie. 
sion Laboratory. Let us review the decisions: (1) Color 
vision tests for general usé in the Navy shovld-have a sharp 
“pass-fail cutoff.’ (2); They should give reliable results 
when administered by slightly trained personnel. (3) They 
“should be as nearly unlearnable as possible. (4),.,Two tests 
should be available, a scresning and a selection. test. (8): : 
Tae ‘screening test should be so sensitive that .no.colore (yn 
‘deficient person will escape detection. (6) . The selection 
‘test should be i Ba so that the near normal and»... 
color weak (about ‘2% of malas) will pass, but it, should posi- 
tively identify the definitely color defective,(without argu- 
monet) i (7) - Psendo-isochromatic ‘teat plates. containing 
“numbers ‘have proved most satisfactory. for general, screening, 
and’ the lantern-type test, after. extended dayehonmentts has: 
ais most satisfactory for final, selection« 


We may hei 4938 the ‘lacal characteristics for vida 
Reaiteaece tee ae niger, and for, the. lanterns, «: @7 


‘1e me tf tes for an ideal. set of ‘ pseudoeigoehromatic: 
oa BE are; To" are easy learning, tho dot. pattern 
the Se ie onfusing A similiar, for:ell plates; 
sree the oan, ALR light. colors should appear in thé | 
ates; (3) The numbers should be «09 ° 
Mar’ Yreverad blo numbers"..plates: should | 
Mae that no variants from ordinary = °° 
phed one set of plates should be (o | 
x Zone ae! Spare ans (so-called "green- . 
: Bie ement ation, and one. a0, should 
“be des ened cela to the ee Set aaite 
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The diagnostic principles of lanterns and their opera- 
tion have been analyzed in the project reports on that subject 
(X-457) released this week by BuMed. The colored lights in 
a test~lantern are not just any red, white and green, or even 
the standard colors of signal lights: (1) It is important 
that the red, white, and green shown should be colors, with the 
game amount of yellow and blue in each, else the red-green 
defective may learn to pass a particular test-lantern by the 
yellowness or blueness of the light. (2) Three properly 
selected colors will sample the degree of color deficiency 
throughout the whole chromatic range; more than. three are une 
necessary and are confusing to the operator. (5) If colors 
are shown in pairs, one of which is slightly darker than the 
other, a red-green defective will reveal his dependence upon 
brightness in naming colors. (4) Colors should. be displayed 
at a very small visual angie because the fovea is the most 
color-sensitive region of the retina and therefore displays . 
the maximum differentiation between the color normal and. the ~ 
anomalous. | i 


The two tests are in three ways complementa to each other: 
the plates test the broader para-foveal region, the lantern 
tests central vision; the plates test the formm-color sense with- 
out color naming, the lantern teats color recognition; the 
plates are sensitive detectors of color anomaly, the lantern 
simulates requirements of service at séa. Pseudo-isochromatic 
plates are sometimes thought to be too sensitive, in that they 
detect slight deviations from normal and are sometimes diffi- 
cult for normals. This is a safety factor and is not a.draw- 
back if they are used simply for rough screening. From the, 
Service standpoint, a good lantern has the added value of "face 
validity" because an examinee's failure to distinguish bright, 
simple colors makes the defect so very evident. to the examiner. 
In these two tests, we believe that we have the specifications 
for effective Service tests ready for production. 


However, now that specifications for tests are read: Bi 


for certain occupations . — Consider traffic signals: .A vertical 
par is used for "go", round for "caution", and horizontal for. 

"stop." For wire coverings: Barred combinations.of bleck,... 

white, blue, and orenge (which all color defectives distinguish). 
For all occupations in the laboratory, the shop, at sea,.in . ~ 
the home--study has found, or will usually reveal, a.type of - 
noncolor code, which can be added to the existing. signals. 
Blinkers, patterns, numbers, letters, positional and yellow- _ 


: 


blue series are already in use. 0 Roan im kLt 


a 
Tetaa. ove : 


‘oA wesidue of spectal occupations will be found which 
require normal. vieion,: some which demand only rudimentary © 
color ability, and a few to which the highest discriminetions 

re necessary. Tests exist for all of ‘these classes but — 
they await development»and: validation for the ‘purposes to | 
Which they are’ to be applied. (Two degree-of-deficiency types 
of test. in the normal<-to-anomalous range are anomaloscopes' 
and. threshold lanterns, There! are dichotomizing tests which 
will segregate moderate from extreme color deficiency, . 99°’ 


Ds »¢ The, study which almost everyone has demanded) isa job: 
_ malysis or evaluation of how much color vision is required 
for the safe performance of duties in various occupations 

,and. branches of t he:Service. © This study will be complicated 
by. the changing duties of rates and ranks; the quickly shitt- 
| ng modes. and instruments of warfare, and it must: be related 
_ to existing. regulations which embody physical requirements 
_ mot involved in the duties of the rate or corps. This will 
have to be a major undertaking--color judgements made in the 
field are not simple responses but are complex reactions of 
the individual. Piecemeal or simple laboratory experiments 
will.not, suffice, tes ied aout 2 TOGO 2: 


ake ‘The color problems that await further attack may be 
- gounted in scores or hundreds depending upon how they are 
sTOBEON ed. Let ug mention three ‘problems that arseunder ine 
‘westigation by mombers-of. the Committee and three broad 
_ studies which require .renewed attack. — s ta ede; 


beguiiiwia ed od DAM KOS OS 4 PS sage 
1. Protection forsthe eyecagainst nature's great range 
of seen and unseen energies has necessitated improvised eye — 
(goggles, ,but we do notiknow whether we are near the beginning 
r.the end of the problem.  Theceffect of scolor:and density 
color discrimination: 1s:under -study by*Bulled: , “but the - 
/ cts. of peripheral glare on all visual ‘discriminations 
as compared to the effects. of excessive energy reaching the 
itral portion of the retina has not been approached. 


Tee | 


sao tvaotiteech solLoo*to meitseup ent Dea {sd Bsneqse 
The most-used portion of -the retina, the fovea, 


ntatives of the Army, 
Each require further 
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There are at least teva Pat familiar lends Meso-ehich 
new exploring expeditions should be sent, First of these ~~ 
concerns the determination of the fundamental sensation curves 
of the eye. Better solutions of this master formula may a 
greatly simplify other problems, including, second, the deter- 
mination of the relations of the psychophysical color manifold. 
The third field is the broadest, a scientific investigation 
of the new art of "color conditioning", color applied to sure 
roundings with a purpose. Preliminary surveys have been made 
for the Submarine Service and spasmodic trials have been made | 
with larger ships but no methodology has yet been GeveLoped 
for systematic study. 


At this time it would be well to enlist the help of ‘piatate | 
leboratories, universities, the Bureau of Standards, the Inter- — 
Society Color Council, 0. Re Is, and the various Naval and — 
laboratories in setting up a ten-year plan of organized color 
research, 


DISCUSSION: 


Lt. Comdr. Imus raised the question whether colored filters ; 
could be obtained for haze penetration. ' 


Lt. Verphanck reported observations made in New London ‘te mas | 
vestigate the effectiveness of @ series of read, am preg 
sand yellow filters.° Using low contrast neutral ta = 
gets at a range of 6,000 yards, it was found ‘that a 
color had no effect which could not be attri buged io a 

the light: transmission of the filter. 4 


fousey made. the interesting point that red filters asneany 3 
) permit a myope to obtain better visual efficiency. | 
He believed it possible that the reported haze ee | 
tration of red filters was actually the result of the 
improved pat eriereneee for MOPS » “ ; pee 


Ghapahie raised the question of color ibectPhoattoan for mS 
sunglasses. He was dissatisfied with the New Londor 
report on‘the effect of color discrimination througt 

various types of sunglass filters, both because the 
- brightness level used was not sufficiently high 
_ because of the large difference in ‘color tempe 
-/ of the “Light: in ‘the swaperinent and ordinary as yli 


Comair. Farnsworth reported ‘that: color ‘santas a 
depend Allumination 1 


Bris Ogee 2a ee a “ke / eta en Se od nah vb 2 
aris AERTS iS stogreerale j is ‘ oA 3 
[ae ee ae L 3 re? 
aaa") | ar 


Brackett asked whether the general conclusion was that 
color filters were not useful in military operations. 


Lt. Verplenck replied that for special purposes filters were 

3 of course often useful, but that for general 
neutral targets, no appreciable haze penetration had 
ever been observed, ) 


Dr. Brackett believed it possible that there were field con- 
a Gitions in which color filters were very useful. 


Dr. Miles made the point that fliters have a psychological 

Ee effect in that the scene when altered by the inser- 
tion of a filter appears brighter and clearer simply 
because it is different. — 


Dr. Wald remarked on the fact that in the development of the 

wee! higher vertebrate a yellow pigment had been provided 
Lor the central retina. This evolutionary develop- 
ment he found hard to understand if the spectral 
quality of light had no influence upon visudl acuity _ 
as Luckiesh's data seemed to indicate. 


ae asked whether there are requirements for color 

ae ' Vision in the services other than the use of color 
vey eoding, which Lt. Comdr. Farnsworth had proposed 

; eliminating, 


Chapanis reported that the Army Air Forces had found dif- 
ficulty with the color blind in recognizing signal 
flares, but that they had never encountered diffi- 
culty with color coding even by the color blind. 


1. Hecht expressed the belief that adequate color discrimi- 
nation is very critical in aerial observations. 


Burger asked whether there was @ loss in general visual 
functioning by the color blind. 


Hecht replied that although the information had not been | ee 
6 published, it had been found in his laboratory that ine 
color blinds do actually lose visual capacity to ae 
an — h premeere a extens. a 
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EMORANDUM CORREA, mE PROPOSED. VISUAL RESEARCH CENTER 


ie It is generally earees: that. it Ls desirable for the 

_ Office of Research and Inventions to set up a center for visual 
 Yesearch in the United States Navy. The problem is one of 

a setting up such an organization in view of). the difficulties 

_ encountered in acquiring a suitable location, in the construce 
_ tion of buildings at a time when building materials are in 
restricted supply, and in assembling a staff when the great 

_ majority of those who have done visual research during the war 
are re-entering the academic field. These problems must. be 

_ golved by. the use of less direct methods than those to which 
we have become accustomed. But solved they may be if we are on 
By nentens to make haste slowly. ae 


_...+ The procedure proposed for the organization of this 
station herein outlined contemplates that, in veiw of) the dif- 
ficulties noted above, no such station can be put into: operas 
tion for a period of approximately 24 months. Accordingly,: ieee 
AAR effort is scaled to that end, | a rae 


ste 1: A nuclear organizational committee shall be set up 

BG ths office of Research and Inventions, to include ORI and 
 Army-Nevy-NRC Vision Committee personnel, and also some of 

_ those who may be contemplated as possible future members of 
the staff. This committee should not exceed six in number. 


te 2: There shell be submitted to this committee by any . 
Taterested person or group a full outline of the functions, 
teff and equipment of.the proposed organization. This de- 
tailed proposal shall msrely serve as as pextine: ppt ative which oh 
the committee will modify, extend, or amplify as it may deen oe 
 gdvisable. The final detailed proposal, prepared by. the Bee 
committee, and as complete as possible, shall. be, submitted by a 
e committee. to the Office of Research and Inventions. 


er 3: In order to interest academic people in: the organiza- ee 
on, every effort should be made by the committee, to inter- | be 
4 a university or research foundetion in operation of. the Ba: 
rganizetion jointly with the Navy. This should ensure that 

taff of the highest calibre can be aneeinets bee 


4: The Office of Research and Inventions “will, submit the 
osai to CHO for consideration.of joint operations with 

is and aircreft, and to the Bureau of Supplies and 
for an estimate of the initial cost of operation of 
aaser Dee PAM s for an estimate. of the cost of operation 
t Ofer. an estimate of the annual budget, requixed. 


sosoeen. received from the universities 
©! upplies and: ‘Accounts, and from 
| became and re-evaluate 


Te, EME ie ty es WEA. or oe oP UDN RE RRR reg pS SAW Ae STE Cea mae OR RNR as hc nl a 
; abe | ' whe OE Ae i Se hare 


BO. 


its initial proposals in the light of the answers received, 
At the same time, a coordinator for the organization shall 
be appointed. It will be his duty to contact personnel sult- 
able for posts in the proposed ‘center, endeavor to interest 
them in joining its staff at such time as it becomes opera~ — 
tional, and to appoint them “temporarily as technical advisors 
during the period of organization. These technical advisors 
will work with the coordinator in planning the organization 
in detail, in planning its buildings and facilities, and in 
procuring its equipment. The coordinator shall have ea staff 
sufficient to assist him in summarizing all the requirements — 
laid out by the technical advisors and in getting the base 
selected, the buildings built, and the equipment assembied, 


ie 


Step 6: When these steps heave all been taken, and while’ : 
construction is underway and equipment being assembled, every 
effort should be made to transfer the technical advisors from 
the status’ of advisors only to full-time ‘steff members, It — 
is ‘believed that if this procedure is followed, 1t will be ~- 
possible to set up an organization where vital. researchs= © - 
theoretical, applied and fleld--may be performed under optimm 
conditions in the general field of vision, and whi ch ‘ome? well. 
serve 88 8 ng phe aap for pg saaceaune 


. ‘OMESUAL RESEARCH — 


As ° The Visual ‘Resendéu goku? wild be set up Jointly by 
the office. of Research and Inventions, and by a Oni erat tge 
or Civilian Research Foundation. Its activities, polities, 
and priorities for use of its facilities will be “controlled 
by & board of trustees; half appointed by ChORT, and half ~~ 

- by the University or Poundation. It will include repre- . 

sentatives of CNO, ComOpDevLant, SuShips, Budrd, BuPers, ~~ 
BuM and S$, and an equal number of civilians, representing a 

guch organizations “as the Army-Navy-NAC Vision Committee, z 
American. Physiological Association, American PRabip a 
Association,” the , Maten-sootety Color. tw etdite and so" forth 


on ‘The funotbeade of: VRC ‘#ITL: ickaae?? 


acid (ape “6° act ‘asa: ‘éentral clearing Rouse” ‘and information (°° 
7 Ye 193. BEAR dete’ for ali og “eotivities .! O¢ 


a3 er ta ee 


(1) optical instruments and: visual aids aheveditel in 
| use by the armed forces, or designed for use by 
them. 


.(2) treining methods for hooked td and other fetbonnel 
» eoncerned in visual tasks. 


(3) date contained in: the nomographs which have’ been 
. developed for predicting visibility ranges. 


(4) visual techniques or doctrines, e.g., of scanning. 


(a) to extend existing field data on visibility such es 
those obtained in studies:on submarine visibility by 
the Camouflage Section, BuShips « 


(e) to perform, on request by other naval peo bo rt sag and 
++. OM approval of the board of directors, ap gap ame 
deemed desirable by those activities. © 


Af) to initiate visual experimentetion-<theoretical, 
applied, or field--for which a need is seen by the 
steff of VRC. 


oe ‘to provide facilities ma auen to neféednel of pati 
laboratories Seebrt ng to conduct visual researches at 
VRC» em 3 * 


5... . Location: the location ‘of. the VRC shall meet ‘the 
follow ing criteria: 


fe presence of, two 10-mile clear ranges, one over water, 
and one over land, both free from lights for night 
‘experimentation. 


| ) proximity - to a nave base and naval air cetyl 30 ‘ent 
joint operations with ships end aircraft can be carried 
oud Mb expedite ously. 5 y 


a climate providing a inte of visibility. path tone. 


(a) sufficiently fer south that winter operations are 
—- possible, yet not so far that mpeg yes Mgrs 
oe ‘Weather never occurs. 


) gocossiptlity, both im distence and transportation — 
» facilities, to personnel from the majority of amie 
an civilian laboretoriess. 


Limate,:in on order toattracticivilian 
MEBs =. Ry. 


§2 [=> 


4. © / Equipment and Facilities:.° The VRC will have, as a 
minimum, @ following specified facilities. 
{a} a library which includes copies of all available reports 


on naval and military visual research, as well as standard a 
journals and works on°*vision dnd related fields. 


(b) a shop,;-able to build and service equipment of all kinds, 
visual targets, photoméeters, and other equipment. 


(c) a statistical office, equipped to perform necessary 
calculation. 


(a) emata sotefbcdnd vehicles for routine: operations. 
{e) indoor visual ranges, as follows: 


QQ) ‘a Light=tignt tunfiel “or shea; 6'x6! tn ross section, 
and several hundred feet in length. 


(2) a short: range oom imeepr peta: he, pr 10 "x20" An’ ‘cross 
oo yeection. . 7 


(3) a "circus"--a Lightetight room 70" x 70! square, or 
a 120° sector of a circle with: a radius of 70 feet. 


(f) rm age workig space of approximately 2500 square feet. 
This space aveilable for ad lib temporary partitioning, 
but ‘equipped ‘throughout ‘with AC, ‘DG; wa tens. and. adr con~ 
ditioning vents. 


(g) special devices, ae eee ie ae 9 a pees and roll 
‘tables. ¥! 


(nh) a miniature reilway (1' gage), with otic ariven CAFS» 
: for manipulation of . — from a distance. . 


‘Ir @ naval bureau or other orgarti ration Rega xtes study 
of special equipment, Lt will by alae oy oe Pin bery it 
i tocthe station for study. © © 
Be Spates Mee permanent ‘steff will ‘aneluder 9 8) 
(a) the director. ,etrrose Yevem nedtsow 
(>) three: professionally qualified Civil Servants, or equive- 
2 eh gen officers, yew eae — b gery experimenta- 
On 
(c) an engineer: © naval: officer or civil ‘servant. is 2 (2) 
(a) two line officers of junior renk. 


(e) six junior professional civil servants, or equivalent 
naval officers. 


SEINE 3 


me) lk 


(f) ten clerical and statistical personnel. 


(g) six shop assistants, including one or two good 
machinists. 


(h) thirty to forty enlisted men; assigned as observers 
and assistants in experimentation, of specified rates. 


If a naval bureau or other organization requests 
research requiring a larger staff, it shall undertake 
to provide the additional temporary staff required. 


Extra burdens of statistical work may be handled on a 
“contract basis by qualified civilian organizations. 


Operations : All: joint operations with aircraft or 

ships ch are required for experimental work, will be 

. carried out under the Commander, Operational Development 

Force, U. S- Atlantic Fleet. If it is necessary to under~ 

. take field work away from the station, arrangements will 
be made with the appropriate command . 


General Duties; One=third of the time and facilities 

 availabie will be “assigned to scientific personnel attached 
_ to the laboratory for research of their own choosing. 

They will receive: every assistance in performing such 

research. 


DISCUSSTON: 


We 8. Verplanck, Lt ( USNR} 


\ 


; Comir.: Brown arose to clarify one point in the discussion. 
= He emphasized that the proposed vision research 
center was not intended to be merely a continuation 
of the Visibility Model Camouflage Theatre, but 
that the function Should be far more extensive. 


e. Dr. ‘Brackett expressed the belief that four problems were 

= involved in such an establishment: (1) recognition 
of the problems arising in the Service. (2) Funda- 
mental research, (3) implementation, (4) field 
evaluation. He emphasized that it is impossible to 
rely on men trained for operational ay to peeve 
nize the need for. eerece 


- Captain shilling pointed out that the watson woltwubicts benter . 
ie © “proposal carried with it the idea that members of 
; the staff "live with" operational units in order to 
appreciate fully the operational problems. 


‘aptain Korb emphasized the necessity for expression of 
3 research results in a way which could be readily 
sews reabg a ppm the: ‘men who bea erey the: ue | 


PROCEDURES FOR OPERATION OF THE -ARMY-NAVY-NEC VISION COMMITTEE 


I, MEMBERSHIP. 


There. will -be two ikensetn of menbership in the Army-Navy- 
NRC Vision Committees deapaca and Associates.  . 


Ae wees Each of the three constituting organizations 

appoint members to the Committees In the case of 
the Army and the Navy, members will be appointed repre- 
senting official service units, The exact number of 
Army and Navy members will vary somewhat with the 
changing organization of the Services; it is understood 
that approximately 15 members will be appointed from 

, each organization. Alternate members will be desige . 
nated in each case to serve for the member's in their 

_ ebsence fron, Commit tee meetings. 


9 National Research Council membe rs: wi ll: be apridl nbd on 

# the basis of their individual competence and interest 

2) in the work of the Committee. The number of NRC mem- 
bers is: not specified, except that it will not exceed © 
the combined number of Army and Navy members, In case 
of absence, an NRC member can designate a colleague to 
act in his stead. Traveling expenses incurred in cone 
nection with the work of the Committee will be reim- 

_ bursed. It is understood that individuals employed 
primarily by industrial Labaresareys are not 2S 
to membership. 


via will be: pao Pash ole a tiherd’ all hoe? 
receive, all publications, and to have franchise in 
KPO BREN to any matters of) business of the Committee. 


Be Associates. ‘Selected individuals who are not members — 
-s sion Committee may be designated associates 
by aptlan of the Executive Committee... The Executive 

~~ Committee shall. review and revise. the Lee of asso- 
baisten on Frequent: occasions. 


Associates: will have, the: ri ght bp otha wary scheduled 
meetings of the Vision Committee and to receive all j 
unclassified publications of the Committee. Only upon 
invitation, however, will traveling expenses be amine? 4 
+ bursed. It ds understood that individuals employed ‘ 
. os primarily by industrial lehprahortes: are fips: j eligible . 
for appninipent: as associates. — t & 


v 
cA 


IT. EXECUTE £ 


_ Tho Exeoutive. -femetes wld ' 


BS 


two shall be official members from each of the constituting 
organizations. Election will be by the vote of all the mom- 
bers for a term of two yaars with rotation. Vacancies on the 
3 Executive Committee will be filled by action of the remaining 
_ members of the Executive Committee. 


7 The Executive Committee is empowered to act for the Vi- 
sion Committee subject to the referral of appropriate issues 
A ne Committee and reporting of all decisions to ‘the Com= 
fe ttee,. 


a OFFICERS. 


The Chairman and the Deputy Chairman of the Vision Com- 
mittee will be elected by the Executive Committee from among 
the members of the Committee. Both officers will not be 
selected from the same constituting organization. The term 
(Of office will be two years. 
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‘DESIGN FOR AN ILLUMINATION SYSTEM _ ; . Ree 
POR THE MARK VY SURPACE LOOKOUT ALIDADE te 
H. Richard Blackwell 


i 
“Upon the request of H. T. Chase, Capt. (USN), BuShips, the See 
_Army-Navy-NRC Vision Committee staff has undertaken to answer _ oan 
“the following question: What illumination is required for the eal 
Mark V scale to be instantly legible following the scanning 
of a field of high brightness through binoculars? | 


the field situation: Men scan the sky and sea through bino- ae 
¢culars, often encountering in their visual field high bright- ~— 
sses. auch as the sun or the reflection of the sun in the ' 
&o When they attempt. to ascertain the position of a sighted pie 
object, they are not instantly able to read the alidade scale, aah 
positioned as it is in a low brightness area. The feasibility fis, 
of designing an illumination system for the. Mark V_ to overcome eee 
this difficulty has been investigated by analysis of existing 
experimental data. | 


The problem can be analyzed into three parts; (1) It is te 
necessary to determine the state of the. eye when high bright- Se 
nesses are encountered in the visual field during scanning. ye 
) Allowance must then be made for the adaptation occurring oa 
_ the few seconds between scenning and reading the scale. 

) The scale brightness necessary for legibility can be come 
ted from the effective condition of the eye at the moment of 
ad Pa i the alidade scsle.,; In this computation, the alidade 
ale is Prot snes upon a field of brightness tiesicykon ca to 

at to w e retina is adapted, 


(1) In the simple case in which the men look PETES at a a nigh sie 
brightness. source before turning to the alidade scale, the a 
effective adaptation brightness is of course the brightness a 
of the source. Men will probably never gaze directly at the oe 
because of the extreme.discomfort experienced. It is pos- ea) 
le that they will gaze directly at the reflection of the. 

from the seca, which has. a brightness as high as 1,000,000 


1 ost cases, the Line of sight is directed some ce ae 
lay from high brightness sources in the visual field. I 
pes to ascertain the effective foveal brightness adaptath on 
uex ese comi tions, use must.be made of an empirical - . 
gard. x5c from a meeher of atetes of. non-uniform 3 
e+ It must be emphasized that these data anpty é 
os an, which, Aen Rare sources are not spaged. on - neu 
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on any portion of the “edad bie, ‘The experimental data 
can best be summarized. by, the following equation: ~~ 


; Bi fe. + BEE x TOR? vezedd oT ou to deoupapy pa 
Shogage ac Soe, £ fF", . : ¥ 


effective  adeptation brightness (footieuberts) ; 


ow 


a 
eo 
; 


« 


Bs” =. ‘surround. _brightnéss' (footlamberts) ~ Od 10. ata 1550 

Eg. : 291 Yad nabf of on & Hag pet penaPedzes' 6. the Line: & 
perer: sight from th a e‘glere- souse (Lumens /£¢' ye Se{do 
8 


th 


16" between glare’ source: ‘end ine of stent ce to 
prt , es 


Because, of the, difficulty of opttmmting Bye | & most useful 


form of | ; the equation | $8 ie: pee i ont 
to evade Ch ioe eseb oO; £6 300e0£ 

LAANBOB Of eng al DeLSTNvOShe et2 sesRen 

ays ome | Cos: e. oF i serm sonpeglfa (8) 

98 Bais ' @ OLN Eociecea wot eds nat 

who 16} istiidfjef Got yrasaeoen asen “bagpipe 

vs | ? i Oo BOd of 6 | MOVL necirg 

Bg” 2glere source brightness (feottanborts): vii 

8 


Aw = solid angle subtended by’ glare source (abetoat aheys 


effective. foveal brightness adaptation under various’ field 
conditions. Glare Peers ian have been selected whose image” 


either covers. complete véal retina or does’ not Sedérit0 
it atell. The’ celouletion wien the image of the glare Sources 
covers only a tion of the fovea is Somplex >» and date thus 
obtained do not alter the general’ solution to ‘the problem, ~ hl 


i.e OO FS 


Se Cease I: = 
Mra BID Bh : ip f. =F is te *to ert . eit: 3 snao: teom fit ; 


od 


Calculations we ey fb determine’ the effective’ foveal bright- 
ness nase oe a a es ae ‘of sight directed et’ various’ 19 
distances sun. Oe Me ‘ghtness of 4 x 10% footlenverts’ 

and gieiies iguttenke ‘of 32 Aone peded ‘of arc were agsumedy ‘Inip° 
Table I below, effective’ @sopareting the cum oD Tae 
presented as @ function Sf “the” angie se tag the sun. fron” 

the Line of sight. beta | : 


> 


(Gegrees) — (footlamberts) : 


315,000 
86,200 
43,700 
29,100 
22,200 
13,050 
10,760 


Case II: Sea Reflection 

e effective foveal brightness adaptation was computed ‘for 
cases in which a reflection from the sea was present in the 
. Visual field. Various values for the area of sea reflections 
(Aw and different values for the angle between the center 
prone reflection area and the line of sight (@) have been 


TABLE IT 
‘Ba (footlamberts 
(1,000,000) (1,000,000): 


13,050 : 


10,760 


10,340 
10,192 


10,030 


11,350 
10,753 
10,486 
10,121 


15,400 


11,950 
10,486 


10,008 10,050 10,121 


apparent that the effective foveal bri 7 
at the moment before removing the eyes from the binocus — 
vary from thé brightness of the sky to’ the bright- — 
“sea reflection itself. dosh bP wing ebm aerated 


> ‘second phas 6 of the celoulation involves the change a 


tness adapta- 


2 
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No experimental date have ever been obtained, however, which 
are Glirectly pertinent to the problem at hand. General field 
brightnesses have: never been investigated greater than approxi- 
mately 1,000 footlamberts. Further, it is customary for a 
completely dark field to be used in eee a the rate ‘nd @xX~ 
tent of adaptation. ,o 


By means of reasonable: assumptions and. envten Abe sa of exist- 
ing data, an estimate of the probable adaptation was obtained. 
It seems likely that. approximately 50 seconds are required for 
the retina to decrease the effective foveal brightness one 

log unit through the process of adaptation. If this is true, 
the few seconds separati exposure to high brightness and 
examination of the scale Go°not permit any appreciable chenge 
in the effective foveal brightness adaptation. As a first 
approximation; therefore, the values of Ba contained in Tables 
I and II, canbe: considered the effective adaptation STOR es 
nesses/at.the hapococotrd of viewing: the Scale. ag 


Tt is pos skblie that. this interpretation is not Wholly : astifted. 
Dr. He Ko Hartline has expressed the belief that a fundamen= 
tally different process is involved in the first few seconds 

of adaptation than in the subsequent adaptation. If recovery 
during the first few seconds following exposure to glare is an 
important problem for. the Navy,.it is recommended that research 
be undertaken to-determine the rate and extent of this adapta~ 
tion. For the purpose of designing an tliumination: systen,~ 
however, neglecting the possible acaptasagne § serves only to eee 
wide a conservative. Geshens: 


In the third’ step of the analysis, the ous 04 brightness is ©. 
computed whichrwill be legible with known fovesl brightness ©. 
adaptati one. As a useful, first approximation; the scale will’, 
be legible. when the brightness of the numbers and lines equals. 
10% of the brightness to which the eye is adapted. We have 
assumed above that when the eye is directed from scanning to 
reading. the scale.no,. appreciable adaptation occurs:..the,eye is 
adapted approximately.as it was during. scanning... The, brighter, 
elements ofthe, alidade.scele. mst h re _babraen ness whieh oval - 
would make them visible if they (hed : rojected.on.the, «son 
tebe cl Experimental £ Lies e that the numbers 
and lines of. the,alidade. scale teva es be approxima’ 
brighter then, *s phere ad a tobe, 31@GL NRC fci Faevot al 
= to Bao eckt neowd 


The brightness sees of the alidade scale which.will.be necessary... 
for it .to. be clearly. Legib ble under various. conditions are pre-, 
sented in Tables I=a and II~a be low. The values in these tables 
are simply 10% of the values” presented in Tables I — 


* 4 is) s rm re af 5 - 


°For example, the Tiffany Potaie eine vist bility Satas Pape : 

the report, "Visibility of Targets," OSRD No. 6401, Oct ae " 

Ly 1945. | watt 
eeatd . A Bog nish «So .«G@°.goost .~eiqmaxe 204 


_ Pare Am eter tf or %. vy 
Rane re | é of e>% = = * 4.¢ 3 OY ck é 


Mp (8) 


anes ar alae Aa, 


_ > : 6l- 


TABLE Ta 
@. Ba 
(degrees) (fcotlamberts) 

af 31,500 

2° 8,620 

3° 4,370 

4; 2,910 

5o 2,220 

105 1,305 

20 1,076 

TABLE II-a 
7 , | Ba (footlamberts 
& Aw sve 4w~= 2 = 

ae Se | 1,305 (100,000) (106,000) 
3° 1,076 1,504 (100,000) 
oe | 3034 . 1,135 1,540 
4° 1,019 ~ 1,075 1,304 
_ 1,012 1,048 ; 1,195 
10° 1,003 1,012 1,048 
20° 1,000 1,003 1,012 


It is recommended that the lines and numbers of the alidade 
scale be transilluminated and that the remainder of the 
scale be as dark as possible. Several theoretical consid~ 
erations lead us to expect greater legibility under these — 
circumstances. For example, the numbers can have greater 
contrast if they are bright and the surround dark than vice 
versa. The brightness surrounding the alidade scale, how- 
ever, is not very important in that the increase in jegibti- 
ity with decrease in this brightness is slight. 


The data in Tables I-a and II-a indicate that the lines and 
 Mumbers of the alidade scale should de made as bright as 

o ersten A scale brightness of approximately 2,000 foote 
 lamberts would be adequate for many cases. A maximum bright~ 
ness of approximately 20,000 footlamberts could be obtained 
by using a relatively high candlepower lamp with reflector, 
 Alluminating at an extremoly short distance a flashed cpal 


* 1 degree on a side, 
we 2 degrees on a side. 
wee 4 degrees on a side. 
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glass positioned immediately under a transparent scale. 
Tables Iea and II-a can be used to estimate the conditions 
under which this scale will be immediately legible. 


The data in Tables I-a and Ilea are undoubtedly conservetive 
and edaptation from glare may be sufficiently rapid so that 
additional field situations can be served by the illuminated 
alidade scale. “It seems likely that it will be impractical 


to develop an alidade scale to be read immediately after 


m > 
@! 
‘dg ind smutzam A. ,eseso {asa «ot 


gazing at the sum, at the sea reflection of the sun, or in 
the special cases: indicated in Tables I-a and II-a in 
extremely high brightnesses exist near the line of sight. 
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| THE EFFECT OF ANOXIA UPON VISUAL PERFORMANCE . 
H. Richard Blacicwell ae 


: various reports in the files of the Army-Navy-NRC Vision ei 
Committee are concerned with the effect of anoxia upon visual aes 


_ performance under various conditions. A brief survey of cies ia 
these indicates that the field conditions investigated are go ie 
_ @ivergent that safe generalization is not possible. For this ss 
 Yeason, it is believed that the most accurate estimate of the a” 
_ effect of anoxia upon visual performance can be obtained from a 


laboratory studies which were conducted during the war. ie 


a Reference is made to the experimental study entitled a 
"The Effect of Anoxia on Visval Contrast Discrimination," CAM ane 
Report No. 184, 15 August 1943, by S. Hecht, C. D. Hendley, ) Sign 
and S&S. Frank. This report presents data indicating the con- . 
 trasts required for visual discrimination under normal condi- 
_ tions and under various conditions of oxygen deprivation. In 
the Hecht investigation, the test object was a ee wea 
the diameter of which subtended 7,.5° and the break 1 

Blnocular observations were made at three brightness Tere 
and for oxygen concentrations oerreerones"é to altitudes from 
normal to 17,000 feet. 


i . In order to ascertain the significance of the losses in Nee 
 gontrest discrimination as a function of anoxia demonstrated ra 
din the Hecht report, it is necessary to utilize data relating ee 
threshold contrasts to target range. Such data were obtained : 
: BEST « 
a 


t the Tiffany Foundation. (See "Visibility of Targets, OSRD 
0. 6401, October 1, 1945.) Laboratory results are available 
relating threshold contrast, target\range, and brightness 
evel. Nomographic. charts have been prepared in which both 
the laboratory results on. contrast thresholds and theoretical - 
ormulations of the. effect of the atmosphere upon contrast 5 
ere combined. The nomographic charts permit the calculation a 
f the threshold range of a target of known size and contrast ee 
a specified sky brightness and atmospheric condition. é . 


-Calewlations have been’! made from the nomographic charts 
“@etermine the effect of loss in contrast discrimination 
to anoxia, in terms of reduction in target. range. The 
ulations presented below represent a few critical cases. 
additional information on special problems is desired, 
uch ¢a alculations can be made easily. from the re 


a reaseute ‘oad in target range . 
then for ¢ of pete are more 
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In the following tables, threshold target ranges are 
presented for oxygen concentrations corresponding to various 
altitudes, For each altitude, the range is expressed as 4 
decimal of the range of the target at normal altitude. (‘The 
same relative ranges are obteined regardless of the physical 
sizeof the target... Varying, the size of. the target: merely 
changes the absolutes renge but does not alter the Gusdempniadon 
relation, between visual, subtense ofthe target. and thresholé:: 
contrast upon, Whi.ch the effect of anoxia is basede): okbat Gas 


“Rabie my | Sky, Brightness = pi x 40-2 footlemberts, ¥ 
“Target Ranges "Relative to. ‘Normal Oxygen Py odal 


ma vou | rece ¢ OF Ob: & Mile: .: 
tempol ? Visibility." 


Oe oooh oR Oa, on ta en to MeORR tcoel ard 

8,600... OeB45:. 1 05080 92 90.900. nn. -vOs988 2s yo0n tt 

11,500. ae "0.008 0.844 .deot, OO@DSE of tamnon 
15200230 De87% 2 00877 oy 2 09779. 0909840 oT 

15,300 sad 9.988 ts 0.853... 0» 720 ji 52 s2oaatilbool, otal 

7 “Table: qr “sky. orightness « #12 x 1072 footlehberte ‘Lue 

2 Target Ranges. Relative to ‘Normal Oxygen ast 3 anit Yo 


8,600 0.950 _ 0.952 0.920 i 

eo Leen 

11,500 0.870 0.818 0.737 0,900. ae 

13,200 - oo" 0.820. 2195726. 255) 0663B0:.3 iq 0884 

ion eis Bix 10 8J5SI1S OFF BLT HOS £0 “poh ony stor bo 

15,3500 © 00776. 03675. ds er eee - Oc8310-. Lt ian te 
17,000 0.740 


0.613 0.421 0.815 
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Table III; Sky Brightness = 1 x 107° footlamberts 
Target Ranges Relative to Normal Oxygen 


2 Mile 
Altitude (ft.) Uniimited Visibility Visibility 
arge ontras 


6,200 | 0.965 0.875 0.960. 
8,600 0.880 0.734 0.909 "> 
11,500 0.862 0.690 0.897 
13,200 0.714 0.417 0.784 
15,300 0.67 0.366 0.744 
17,000 __ 0.635 0.334 0.721 


Typical data presented in the tables above indicate that 

darge reductions in range as a function of anoxia exist only 

for clear atmosphere and low contrast targets. The military 

services can conclude from these data whether supplementary 

np ge is necessary under certain specified operational cone 
ONS > 


Recommendations: _ 


In the above calculations, several assumptions have been 
made which should be investigated. In the first place, the 
assumption has been made that the relative effect of anoxia 
is the same regardiess of the visual subtense of the target. 
The data of Hecht, Hendley, and Frank were obtained with a 
large test object. The calculations, however, assumed that 
the same relative effect would have been obtained with smaller 
targets. It is conceivable that the effect of anoxia would 
depend somewhat upon the size of test objects; the validity 
of the calculations presented herein depends upon the validity 
of this assumption. In addition, the Hecht data were obtained 
with red light. A supplemontary check should be made to 
ascertain that the same relative values are obtained with 
light of different spectral quality. 


It is especially recommended that investigations be made 
of the relative effect of anoxia upon contrast discrimination 
at brightness levels smaller than those investigated by Hecht. 
The data obtained by Hecht indicate an increasingly large 
effect for increasingly small brightness level. Since bright~ 
nesses significantly smaller than those investigated are actu- 
ally encountered in military operations, extension of the data 
to include these low brightnesses is very desirable. 


aE 
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if e ressarch Program were established to investigate 
further the effect of anoxia on visual performance, it is 
recommended that the following procedures be followed: ; 
1. Only velative contrast thresholds be obtained sii 
_ data already available make: possible the inter 2 
tion of such relative values. 


(2. "White" light be used of known spectral quality. —- 


3. (Observers be allowed to use foveal or parafoveal ~ 
_ -wision, whichever they found most sensitive. 
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: THE EFFECT OF SMOKE SCREENS UPON TARGET VISI BILITY i 

ia E. Richard Blackwell ° 

During the war. years, various research projects were conducted : os 
_ to assess the fundamental functioning of normal human vision. a 
It is believed that a Long | of these reports, together with x 
_ theoretical consideration involving the effects of the atmos- ‘ 
_ phere will permit prediction of the effectiveness of various “ 
_ types of smoke screens. “i 
Preliminary results of an analysis being made by the Vision 4 
Committee staff indicate that there is excellent agreement ee 
- between the results obtained in various laboratories concern- s 
ing the visibility of targets. The following treatment of the fe 


effect of smoke screens will be based upon the largest avail- 
_ able collection of pertinent data, those obtained by the Louis 
Comfort Tiffany Foundation, under contract to NDRC Section | 
16.5. A more complete report of the laboratory results ob- on 
tained by the Tiffany Foundation can be found in the report: see 
 WMisibility of Targets, OSRD Report 6401, 1 October, 1945. | 


The major premise of this report is cnac the effect of smoke 

- screens upon the visibility of targets resolves to the effect 
of smoke u oper the contrast of the target. It is obvious that 
 @n extended smoke screen, whose brightness differs from that 
ef the sky produces also a change in the brightness adaptation 
_ level of the eye. Laboratory results reported by the Tiff 

_ Foundation indicate that under normal daylight conditions, the 
_ function of the eye is not. affected by changes in adaptation 
amounting to two or three orders of magnitude. This fact is 
considered justification for the assumption that the sole 

| effect of smoke is to reduce target contrast. 


16 Contrast of a target ageinst: the horizon sky. can be come ae 
puted by the following equations | es 
“For a target darker than the backgrounds | - 


RGN CE GSM tp So 0 Me 
C Bh An + fy 


‘SURERS t 64 
es so Rea Be “prighthess of horizon. ae 


et Rees ot! %, area of horizon sky unobscured by smoke 
sig ial screen ‘(fractional units). 


s bene brightness 


rea unobscured by ‘smoke screen | 
units) — 


# pad cette 


For targets brighter than the background: 
Contrast = gee ee ee ee 
0 atew a a a — ip) erage: | 


The atmosphere eee the alas 499. of. targets by: reducing 
the target contrast, whether or not & smoke screen is used. ..- 
The exact effect of the atmosphere is perhaps best expressed 

by & variation of Koschmeider's. formula, proposed by Dr. Se Qe « 
Duntley in. the Summary Technical’ Report, of, the CREE 1009 Seem 
tion of bes. anne torn of equation, iss.. .. | 


. odie & = t. e~ Bx a ve 
eT ick contrast. of, target at distance K 
“Co = contrast of target at zero @istence = 


+ hove @istance . 


{ 
hacP to ts 2 | ~ 


gy coottictent of eee attenuation 


The range at wht on & target. is just _berely visible, that is,. 
can be detected with a probabil. ty 8 greater than that aitri- 
buta ble to chance, can be compute fromthe basic laboratory — 
data concerning visual functioning, together with tarcet con= 
trasts computed from the oquations riven above with reference 
to the effect of smoke screens and the effect of the. atmosphere « 
A convenient method for'computing target range is available in 
the form of n pupgranhe 6 charts,. presented in the Summary. Teche. 
nical Report of the Camouflage Section of NDRC.. In using such. 
a nomograph, the target contrast is first compiited, due allow- 
ances being made for the influence of. the. appropriate smoke 
screén. The resultant target contrast is read from the scale 
on the right-hand side of the nomograph. | The. target. area is 
determined together with the.condition.of the atmosphere, ez 
pressed in yards of metecrological range. (This concept is 
used for the convenience of meteorologists; the meaning is that 
a large black object is su Mb penne & distance called the 
Ppa 9 range.) A straight edge is used to connect the 

target contrast with the selected meteorological range. ‘The 
distance at which the target_ in, eet et . will be seen is read 
from the intersection: of the straight. ec ige_and curve represent- 
ing the is aaa areaa ~~ 


Examples: In order to illustrate the usefulness of this method 
of determining the effect of smoke. Bcreenes several examples 
will be givens ~ — ad tule? tae 
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Case 1. Let us assume broad dylight with ea horizon sky 

ness equal to 1,000 footlamberts. The area of the tar- 
get is assumed to be 1,000 ft“. The target, darker than the 
horizon sky, has a contrast of 1.0, which means that the tar- 
get brightness is equal to OQ. Consider that the meteorologi-~ 
cal range equals 20,000 yards. The formula for computing 


contrast simplifies to; 
Cog 


The ranges at which the target is eee 6 detected are presented 
in Table r for Daly te values of B, and ae 


% 


a -~ 


~\ 
ere 
‘J 
OO 
/ 
7 
OO" Lf 9 
UCC . 
00% le 
cA)’ ‘° S 
@O Was 
” ft “at j 
Or, 4 
’ : Q 2 
tA). oO ae = 
€ *, f +e 
; ‘ f oe Pe 
aeo sc fi gi say 23% : nk 
> & 5 rg fou 
eh of 2 : t so58 a) 
ee . 
yh, ‘7 at F y “s ee} 
PAHO. .VLRELOLOSOA I. . © ts . P ps 
¢ ce b 
22 ‘ fiane vlev ty é gi fh. 
4 # e ™ ’ A 
Heastroo 8 esd “.¢t% OOO,O0L BOIS ; St ee 
i , a ‘ 2 : OF .¢ 
* at 77 ene i bese asSotw ¥ | iO 1s va eT ” : 09 
i. Yee eat , — Poy te ey i oP Oe ‘ eb ey ot rec Pe 
weer 3 hans ef epnet Leo iaolotoo7on 0 GV, os b, 
‘ A “ se ante “a 2 - ‘ . - ahi; er yr ? i.) 7} bin ‘eo : t 
' ok at ) meso td ets O80 ae e Ai RRS? SEL a ae nay re va 
4 " i ¢ 
) 
<. ua 
% ne re = Be 
Ye - i ; = 
Es : e ty 
eee as . 


70) 


Bp “Ap Me oui kas 
sane | et Tyards) hg stdin 
10 ft-L, 0.10 £10 17,000 
100 0.10 “0.99 17,000 
1000 0.10 0.90 16,800 
2000 0610 0.82 16,500 
10 0.50 0.99 17,000 
100 0.50 0.91 16,800 
1000 0.50 0.50 15,000 
2000 0.50 0.33 13,900 
10 0.90 0.92 16,800 
100 0.90 0.53 15,000 
1000 0.90 0.10 10,500 
2000 0.90 0.053 8,500 
10 0.95 0.84 16,700 
100 0.95 0.34 14,000 
2.000 0.95 0.05 8,500 
2000 0.95 0.026 6,700 
10 0.98 0.67 16,000 
100 0.98 0.17 11,800 
2000 0.01 4,000 


Analysis of visual functions reveals that the largest percent 
age reduction in target range for given values of 
results when the target contrast is small. 
_II will consider a target with relatively small co 


SIG 1 tha tee Ae 
r yates 


0.98 


Accordi 


ngly, Case 
ntrast. oe. 


Table II. 


Case IZ. The target whose area is 10,000 ft.” has a contrast 
of 0.10 with respect to the horizon sky whose brightness is 
1,000 ft. lamberts. The meteorological range is again consid- 
ered to te 20,000 yards. Threshold ranges are presented in 


+ ee 
we A 


“resent, | : 721 


Bp Ap ° Range 
100 0.10 0.099 15,000 
1000 0.140 0.090 14,900 
2000 0.10 0.082 14,200 
LO 0.50 0.099 15,000 
100 0.50 0.091 14,900 
1000 0.50 0.050 12,500 
2000 0.50 0.055 11,000 
10 0.90 0.092 14,900 
i100 0.90 0.055 12,600 
1000 0.90 0.010 5,500 
2000 0.90 0.0055 5,000 
LO 0.95 0.084 14,500 
i100 0.95 0.054 11,000 
1000 0.95 0.005 2, 
2000 0.95 0.0026 ~O~«' 
LO 0.98 0.067 13,700 
100 0.98 0.017 8,000 
1000 0.98 0.002 - O- 
2000 0.98 0.001 - O0- 


The effect of increasingly cloudy atmosphere is to minimize 
the oscuration effect of smoke screens. Accordingly, the 
most. pronounced variation in range with smoke will occur 
for absolutely clear atmosphere and small contrasts. Case 
| III is designed to illustrate the maximum effect of smoke — 


Case III. All conditions for Case IIT are identical to 

those of Case II, except that the visibility is considered 
to be unlimited. The ranges of detectability are presented 
in Table III. 
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TABLE IIT 

By Ap Cc Range 
10 0.10 0.10 8B, 000 
100 0,10 P 0.089 : 82 ,000 
1000 0.10 0.090 80,000 
2000 0.19 =~ 0.082 75,000 
10 0.50 0.099 82,000 
100 0.50 0.091 80,000 
2000 0.50 0.050 60,000 
2000 0.50 - 0,033 50,000 
10 0.90 ’ 0.092 82,000 
1000 0.90 0.010 27,000 
2000 a 0.90 0.0053 16,006 
10 0.95 0.084 80 ,000 
LOO 0.95 0.034 50,000 
1000 0.95 9.005 14,500 
2000 0.95 _ 0.0026 = Oe 
10 0.98 0.067 70,000 
100 0.98 0.017 37,000 
1000 . 0.98 0.002 = 0 = 


29000 0.98 0.001 ~ O 


In order to contrast the relative effectiveness of smoke screens 
_ din the three cases considered, relative ranges are presented 
sy in Table IV. 
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TABLE IV 
Relative ae 
CASE I CASE ITI CASE III 
19000 1.00 1.00 
1.00 1.00 1.00 
0.99 0,99 0.98 
0.97 0.95 0.91 
1.00 1.00 1.00 
0.99 0.99 0.98 
0.88 0,84 0.73 
0.82 0.74 0.61 
0.99 0.99 0.99 
0.88 0.84 . 0.77 
0.62 0.57 0.35 
0.50 0.20 0.20 
0.98 0.97 0.98 
0.82 0.74 0.62 
0,50 0.19 0.18 
0.39 0.00 0.00 
0.94 0.92 0.85 
0.70 0.54 0.45 
0.55 0.00 0.00 
0.24 0.00 0.00 
CONCLUSION: 


A theoretical treatment has been given of the effect of smoke 
screens upon the contrast of targets. The effectiveness of 
the variations in contrast can be evaluated only in terms of 
fundamental data concerning the functioning of the human eye, 
Such data are available with aufficient precision for adie 
problems. 
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MANIPULATION OF TIFFANY VISIALLITY DATA FOR USE IN 
PREDICTING THE EFFICIENCY OF BINOCULARS — 
H. Richard Blackwell 


The naked eye visibility data obtained by the Brown 
University binocular testing program (OSRD Report No. 6128) 
were of necessity limited to a few experimental values. In 
the Johnson Foundation analysis of. binocular performance, 

_ the need arose for accurate naked eye visibility data for a 
wide r beets of retinal illumination values and target areas. 
A speci tnterpolative technique was developed, and was 
reported in OSRD Report No. 6099. The Brown naked eye data 
are much less extensive than the Tiffany naked aye visibili- 
ty data. Accordingly, an appropriate manipulation of the 
Tiffany data shovld prove useful in further calculations of 

the expected performance of binoculars. 


The quantities waich have proved of value in the pree 
diction of the efficiencies of binoculars are retinal illu- 
mination values, computed from field brightness and pupil- 
lary diameter of the human oye. Tiffany visibility data 
were converted into retinal illumination values by means of 
the average pupillary diameters reported by the. British 
(ARL/N@-0,502). Tiffany visibility data. from two experimen- 
tal programs were treated in this fashion. The data of the 
first program, (Program A) represent a relatively short, 

_ typical search. The observers scanned en orbit of 15 de~ 
grees within a period of six seconds. .The data of the 
-«gecond program (Program 8) represent an indefinitely long 
_ gearch, corresponding to several minutes of ecguntng & sah 
degree orbit. 4 pt 


| In Figure 1, the Tiffany data of Program A-have been 
converted into retinal illumination units satitgt te? 
field brightnesses and pupillery area. The unit of retinal 
 4i1lumination is the resultant of brightness — Pee es donee 
and pupillary area in square millimoters. th this plot, no 
correction has been made for the Stiles~Crawford effect. . 
The ordinate represents a quantity useful for binocular pre~ _ 
dictions, the product of the increment of retinal illuni- 
nation, AI, and. » the solid angle subtended by the tar- 
get in sterediens. Curves are presented for targets with — 
five different areas. Corresponding deta are presented in 
Figure 2, for the Tiffany data of Program B.- In this case, 
seven target areas are represented. 7 | 


The curves of nSdinen 1 and 2 are valid only if the Stiles- a 
wford effect is emcee Crawford has shown thet the Oe 


ey a a 81 (1937) 


ror. ) 


78 


SC effect exista only for cone vision, not for rod vision. 


a constant retinal illumination with pupils of varying sizes. 


“efficiency” factors as a function of pupillary diameter 


values are likewise multiplied by the appropriate efficiency - 


ae representing the a 
ey om ; 


Because of the experimental procedure employed at Tiffany, 
cone vision was employed for brightnesses equal to or greater 
than 7x107% footlamberts. Since the greater part of tho — 
curves in Plgures 1 and 2 correspond to brightnesses in the 
cone region, corrections for the S-C effect are obligatory. 


Moon and Spencer** have shown that the S-C data fer the 
fovea are best approximated by a parabolic function. . Those 
authors have integrated the function in order to compute the 
effective retinal illuminetion for pupils of various size. 

In order to convert the curves of Figures 1 and 2 to allow for 
the S-C effect, it is necessary to obtain factors expressing 
the reduction in retinal illumination resulting from the 3-C 
effect with pupils of various sizes.. Table III .in.the Moon 
and Spencer article represents the result of integrating the 
parabolic function. It expresses the amount by which the 
field brightness would have to be varied in order to obtain 


Tt 48 possible to obtain a factor for each pupillary area 
which expresses the relative "efficiency" of this area, exe 
pressed as the ratio of the effective retinal illumination 
obtained divided by the retinal pes fobs aan to be CORPSE: 
on the basis of area alone. | 


Moon and Spencer based their {aveaka ties on the relative 

amount of S-C effect, for each pupil area compared with the 
effect for a 2 millimeter pupil. For the purpose at hand, it. 
is more useful to express the amount of S-C effect in asia 

of an "Sdea1" pupil of infinitely small area, Accordi a 
the "efficiency" factors were expressed in terms of an saser® 7 
pupil with complete absence of S-C effect. Figure 3 presents — 


expressed in this WAY o 


The data of Figures 1 and 2 can. ‘be corrected for the S-C. 
effect by use of this graph. The procedure of correction is . 
as follows: Values of the retinal illumination I are multi- — 
plied by the hese ont factors in Figure 3 appropriate to ~ on 
the pupil diameters obtained at each brightness. (AT x/L) ~ 


factors. The ne the ae curves are presented zn Figures 4 ‘and q 
a of coke De As ree and ” ARIS: Yin 3 


ei sen 


Htyoon, Ps and De E. spencer, “YOSA 34, , 819-829 | (1944) y | 


_... These curves permit the immediate interpolation of Log 
AI xJL) values for various values of retinal illumination. 
In this respect, the curves: permit a very simple method of 

_ obtaining .the interpolated data which are useful in the 
_ theoretical evaluation. of binoculars. It should be empha~ 
_ sized that the data of Figures 4 and 5 represent more then 
_ 450,000 observations made under controlled laboratory condi- 

tions, ; . aay 

a It is interesting to compare the data obtained at 

Tiffany with the corresponding data obtained at Brown Univer- 

sity. At Brown, the observers scanned an orbit ‘of approxi-« 
mately 18 degrees for a 30 second period. It would be exe et 
pected, as a consequence, that the Brown data would represent 
S 8 ponren time intermediary between Programs A and B of — 

| Wiffeny..: . | 7 


ey In Figures 6 and 7, comparative data are plotted for the 
 Tiffeny and Brown experiments. In Figure 6, the Tiffany date re 
have been interpolated from Figures 1 and 2 and do not in- E 
 Clude correction for the Stiles-Crawford effect.’? The Brown 

_ data represent the actual experimental points obtained, cone | 
verted from 2360°K,, the color temperature used, to 2850°K. | 
_ The latter color temperature was used at Tiffanys Conversion aig 
_ Was accomplished by means of the interpolated Luminosity © | oe 
_ factors presented by Jones*. Figure 7 represents ‘the corre- | 

= Pe es data after, correction has been made for the S-C 


Experiments were conducted at Tiffany to determine the 
functions relating stimlus exposure and threshold contrast 

or various brightness levels. It was found that at low 
rightnesses, a S0-second exposure produced minimal thresholds. 
As the brightness level was increased, however, a constantly 
nereasing discrepancy between the 30-second threshold and — 
the minimum threshold became spparent. 


Corroborating the Tiffany experiment, the 30-second 
rown thresholds are essentially equivalent to the minimun. 
resholds represented by Tiffany Program B at the lowest 
tinal illuminations. As retinal illumination increases, 
ever, the S0-second thresholds become increasingly greater 
an the minimum thresholds. It is interesting to note that 
‘the two highost illuminations, the Brown data fall nicely 
tween the Tiffany data of Programs A and B. 


SNE SEA a LDS Cs PU ae TS, 
Ps eden, ke, ae ics oe” PSE, 


. * Jones, L Ae, “Summary of American Opinion, BS/ARP18, 
sh Standard Specification for Fluorescent and Phospho- 
Paint." Gt. Britain Ministry of Home Security, RC 

ae | | 


JULY» 
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In order to ascertain whether the shape of the functions 
in Figures 6 and 7 are the same for Tiffany and Brown data, 
al ingteuepas were made in the absolute magnitude of the Brown 
(AI x Si.) values to assure the best fit in each case. The 
data presented in Figures 8 and 9, indicate that when the 
Brown data are adjusted by a constant for best fit with the 
Tiffany Program B curvés, very satisfactory agreement is ob= 
tained, whether or not correction is made for the &-C effect. 


It is pertinent to compare the curves computed from the 
Tiffany data with the interpolated curves computed from the — 
Brown data by special, technique of OSKD Report No, 6099. ‘Five 
retinal illumination levels were selected and interpolations 
were made from the Tiffany data of Program B and also from the 
Brown data by the special interpolation method. The data are’ 
presented in Figures 10 and 11, representing respectively the 
case where correction has not been made for the Stiles-Crawford 
effect and the case where such correction has been made, In 
each figure, reliable differences in absolute magnitude of 
log (QA Ix.) values ‘and also a significant difference in the 
shape of the curves are obtained. 


The writer recommends that the tiffany curves of Figures 
3 and 4 be used for interpolations 4n future binocular evalua= 
tions since they represent a large number of experimental © 
data. It may prove valuable to evaluate binoculars in terms 
of interpolations from both programs in order to investigate 
two widely separated velues of stimulus duration. 
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FIGURE 6: TIFFANY and BROWN DATA 
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e = Brown Data, converted to 2850°K 
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ABSTRACTS 


q 1526 The Effects of Night Binoculdr Design Features on the 
a Vis of Targets at Low Levels nation. 
a - WitTler,- Carl Woant tied Nimes oe eat me 
Section 16.1 Report No. 150. OSRD Report No. 6128, 


October 25, 1945 69 Pp. Open, 


More than five hundred thousand observations are reported 
a Bourse ng the visibility of targets in the Seren Oey with 
age naked eye and with, various binoculars. ) 


A systematic study was, made to determine the effect of exit 
1 size upon the range at which visual detection occura 
| Ear five-power binoculars. Data for 2, 4, 6, 8, and 10 mm, 
q exit pupils indicated that the range of detection increases 
einem with larger exit pupil up to S or 6 mm,., but that 
further increases in pupil exit resulted in small increases 
a in PAaNnge « 


These data, together with data reported by Dartmouth College 
in OSRD No. 4433 made it desirable to attack directly the 
problem of the optimal compromise between exit pupil diameter 
and magnification in a binocular of prescribed aperture, 
Accordingly, the rhea series of eager ggprans ss of 50 mm. 

be peeneraTe was. pemmere te ote Oo : 


Mogni.ft.catton Exit Pupil. Deneter : 


6 8.3 
7 7 
10. | san 


- Hoe these a eral the best seahardaanio® was ‘obtained with 
E the 1LOx50x7°. This binocular is an adaptation of the stand- 
ard 7x50x7°, and has a special wide-field eyepiece designed — 
the Bausch and Lomb Optical Company. The range values 
x50. were close Met RO an excess “of those eiven by the: 
2 , it. 
cia? Sy ct ery 


In order to study. binoculars of ccamel sangha ehice 63.64 dnd 
reater aperture, a similar series of instruments’ with 70 mm. — 
ett ye Giemeter was studied; 


east 


. "Bach of these binoculars had the standard 10x70 body. The 


ae | scsaimaate | 


study of magnifications greater than 10* involved many diffi-e 
culties, and further investigation may be advisable. Under 
the conditions of the experiment, the best performance was | 
obtained with the 10x70, which gave range values approximate- 
ly 5% in excess of those obtained with the 10x50 widefield 
instrument. The 9x63 binocular, which was included in the 
study, gave approximately the same range values aa the 10x70. 


"The increase in aperture, which provides larger exit pupil 
with higher magnification, is of greater importance if the 
binocular is hand-held than if it 1s slidade mounted. All of. 

the binoculars used inthe program at Brown University were 
tested both as hand-held and as mounted instruments. Since | 
ail of the work wes done under laboratory conditions in which 

vibration, roll, pitch, and wind were absent, and in two-hour 
observing sessions with frequent rest periods, the small gain — 
afforded. by mounting the binoculars: on standard alidades is 
not Gnnapenked..' 


153. .§ | mement ed Data. a . 
e Bec | 

ceyary the 16.2 Report No. 151, ° OSRD- Report” Nos e129, 
October 25, 1945. Open : 


This report contains the original observer aata fer the exten-— 
sive experiments reported in Abstract No. 152. The data indi- 
cate the total right and wrong choices each observer made when 
judging the location of a target of given size with or without 
the aid of binoculars. 


154. Manual on rae. Pinhole Rectifying Camera. 
ero Se rporation SS ai ae 
Section 16. 1 Report No. 156, OSRD- Report No. ‘he. ? ee 
October Sh, 2246: “Gpp» “(R) BAS r He 


an ie 2 eee, 

"a pinhole camera. for rectifying high Bh igas’ ‘oe oto< 
graphs was. d d. and ctifying hich obitg peste 3 a 
request of Section 16.1 NDRC. It was intended for field use, xt ? 
in situations in waich speed in peroneal sketch map, with — . 
| ee 


possibly, only feixr accuracy,» ts essentl Pre-design experi 
ments had indicated that a pinhole: e emma Woes ‘serve this = 
purpose. r£ — aaw tavemealD ovicosLc 
"The history, ae the Gevelopment is: TS is de- a 
scribed and-a short manual for its ri on is included. Test 


results are not shown since delivery cee — camera was required a 
before it. could be» daha oar 


Re Ch 


Se Be 


Manuel on the Variable Ratio Printer, 

Kero Service corporation 

Section 16.1 Report No. 137, OSRD Report No. 6101, 
October 31, 1945 Ill pp, (R . 


om highly. precise variable ratio projection camera, designed 
and constructed by this company at the request of Section 
(26. 1 NDRC, is here described. This instrument is intended 
for use in a new system being developed for mapping from high 
oblique aerial photographs, in goa junotian with aster instru- 
Events constructed elsewhere. | 


- "7he history of the development and the speckftcabiéns: are 

_ given, the camera is described and a tentative manual of 
operation is inoluded. .Although the camera was tested for 
--alignnent and accuracy in our shop, a complete calibration 
and test cannot be made without the other instruments with 
which the camera is to be used. For this reason test results 
q end a final, detailed. operating manual are not included." £3 


Physiologic Factors Determini the Performance of 


noculars.. . 
he 5S Research Foundation, University of! Pennsylvania 
Section 16.1 Report No. 155, OSRD — No. 6099, 


October S31, 1945.61 pp, Open 


4 * study of the basic. principles. which operate to dntesetine 

_ the usefulness of binoculers at night is presented, which has 
been found useful in, predicting the effectiveness of various 
a - instruments. The. contents: of this report were presented at 
-the 16th meeting of the Vision Committee. (A more complete 
oluses) this material can be found on page 135 of this 
UNG o 


_ Experimental eye guards” for attaonmant ta inkessakane have 
been constructed, intended to reduce alignment errors and 
fatigue. In addition, an unconventional type binocular was 
ve onstructed in which the optics were folded so as to bring 

_ the center of gravity of the instrument back of the eye posi- 
hs This design was expected, to reduce -—: fey air un~ 
Raact.non ei a8 bia on ‘the Annie» | | 


The Penn. State, 1-1. Michelson-Twyman Interferometer 
-» Loe pee eh Pee Sm ne on mance with Design and in — 
me ‘Quality control of Us nses, ri sms. and Telescopic 


Sor * Howard. 8. end David Ge Clark. 
Section "16.1 Report. No. .142, OSRD Report No» 6106, 
tober eed coun i. } 


* 

, 
- AG 
= 


"This report describes the development of an interferometer 
of the Twyman-Michelson type and discussés its usefulness in 
the production and inspection of optical elements, subassem-~ 
blies and complete systems, and in the development of new 
optical designs. The interpretation of fringe patterns in |. 
terms of standard aberrations is discussed. Numerous photo- 
graphs show a close correlation: between theoretical and ex- 
perimental patterns, based on the use of special telescope | 
systems which permit introduction of known amounts of spheri- 
cal aberration, astigmatism and coma, These experimental 
Systems wore designed at the Yerkes Observatory, under Con- 
tract OEMsrel078 and were constructed partly at Yerkes and 
partly at Penn State. 


"Prior to the war the interferometer was used extensively in 
England for laboratory studies, and to a considerable degree - 
for controlling production. The interferometer was used to 
a very limited extent in the United States before the wer, 
' but its use has become widespread in this country during the ~ 
past five years. . 


"It seems unlikely that minute imperfections in the figure of. 

most systems can be detected with greater accuracy by using ~~ 

the interferometer than by using the kmife edge test, but for 
controlling production, and for inspection ‘of optical elements 

and subassemblies, the interferometer has the great advantage 

; that 1t shows errors over the entire aperture of a system at 
s one time, on a quantitative and impersonal basis. It is pose 
i sible that the interferometer will be very useful in Control-— 
ling the production of aspherical surfaces’, either ° “employ=— 
ing carefully figured aspherical end mirrors in the inter. 
ferometer or by matching computed fringe patterns.) °° 9°" © 


158. <A Description of the Ki 
end - BOS e 
oleman, Ho Se and Samuel W. Harding ~< 9) © o> of 
Section 16.1 Report ‘No. 132, OSRD Report No. 6005, Oct, 
19, 1945 9 82 pp, Bpentew aoligo eri? dotdw at Sevouteango | 


netic Definition Chart (K.D.C.) | 


€ 


tthe KsD.Ce Apparatus provides an impersonal method for meas=— 
uring the resolving power of optical instruments with ‘consid=° 
erable precision. Different observers agree well in the score 
assigned to an instrument. 


i) 


"it must be remembered, however, that a test of resolving =~ 
power Gan give ait partiel description of the overall per- 
formance of an optical instrument, Measures of scattered — 

light are almost equally important. The curvature’ of fi 
astigmatism and color characteristics also have a mai ’ 
fluence on the effectiveness of an instrument." = oo o>" 


i 


"The Kinetic Definition Chart (K.D,C.) Apparatus, which is 

_ described in the present report, represents en extension of 

_ the work of Fabry, suitable for use under eith-r leboratory 
or production conditions. A parallel-line Faucault test 

_ object is provided in. which the apparent angular spacing may 
be varied continuously, either by changing the viewing dis<- 

_ tance (in the Model 2 K.D.C. Apparatus) or by moving the test 
object along the axis of a microscope objective which forms 

_ a@minified image of the test object at the focus of a colli- 
mating lens (in the Model 4 K.D.C. Apparatus). The contrast 
_ may be changed, in discrete steps, by means of white rotating 
_ sectors directly in front of the target. The "K.D.C. effi- 

_ ciency” of an instrument is determined by measuring the 
limiting distance.at which the test object can be resolved, 
first with the eye or an auxiliary telescope, and then with 
_ the eye or the same auxiliary telescope behind the instrument 
_ under test. If the instrument were optically perfect, the in- 
_ crease in distance would be exactly equal to the magnification. 
The 'K.D.C. efficiency' 1s expressed as the percentage ratio 
of the observed limiting distance to the theoretical limiting 
distance for resolution of the test object. 


"Extensive experiments have been conducted to establish the 
conditions which yield the most consistent results and the 
most sensitive discrimination between instruments. It has 
been found that best results are obtained when an auxiliary 
telescope with approximately 15X magnification is used with 


q 45X. When low contrast (10%) test objects are being examined, 
_ the overall magnification should be reduced to about 26x.” 


_ In conjunction with the K.D.C. Apparatus, observations were 

_ made to determine the angular resolution of the eye as a funce 
tion of pupil diameter for an illumination of 473 footlamberts. 
_ It was shown that the increase in angular resolution to be 

_ expected from increases in pupil diameter in accordance with 
diffraction theory, is not. fulfilled apparently because of 
aberrations in the outer zones of the lens and the final limi- 
_ tation produced by the structure of: the retina. © 


ane e COLemMaMee 2. ONO LOO Fe) a. io 
- * Section 16.1 Report No. 139, OSRD Report No. 6103, 
eo Oct.,20, 1945 155: pp, Open. > 42 3 


"It is the purpose of this report to describe the general 
requirements indicated. in optical specifications, the Govern- 
_ment's methods of inspecting for. conformance with those re- 
quirements, and to include a brief statement concerning ‘the 
lequacy of the specifications and the inspection methods. 


ea 


3K telescopes, that is, when the overall magnification is about 


B6 | — o 


\ 


tas alresult of the survey of optical inspection methods and . 
- of optical a phen hfe tte » the following observations and con- 
clusions may be made 


1s Optical specifications should ibe boveked 
so that nothing is specified that cannot 
be quantitatively expressed and measured. 


2. Limitations imposed by deétai shéuid be 
eliminated from specifications ‘covering 
items under production. 


3. Most of the difficulties of war time optical’ 
ov (oimspection are caused by a lack of trained rey 
inspectors, as the need for optical - 4nspectors 
is practically nil in peace time as” compared » 

with the need auring @ Ware 


4s Inspection: methods should be ad velidad whitch : 
‘ave free fron ‘ “the influence of human judgment. 


5. A sound paver cee should be established for 
' Jothe establishment of yHeom eat Diet and 3 
inspection ee 


Be : Unkts of measurement and eipleetodees istiduld Se py 
fw tbe: confined to either metric or ean? ee $e 
systems." Bets ' nk : : 


| | “ea . beni 
Section 16.3,  OSRD Report Nov’ 6401, October 1 1046, note 
69, PP» (R) : 0093 2 


A vere is given of the vieabhiite ove obteten by" sie 2 _ 
Tiffany Foundation. The data reported herein are also Satie | 
in the Minutes and Proceedings of the’ 15th meeting of the - 
Vision Committee, ht lal 82 to 90. 


».moftvegent [solic $0.88 _3S0Gai  s Ccl 
161. Transient Color Phenomena dn 8 Desert. Qiold .& DISWoOH 
,OUwLe ’ mio Mttany. SsUNnc re ‘yt 1 Jed iO . yo 
Section 16.3, OSRD Report’ No.. 6652. panes 10, 2006, 
| $1 PP» CR) ; oD aes i eee 
seeh. of gaoges eaidd To eeoqinG, en’ &. | 
fe Investigntacas. were tantasoakent to ascertain the ara ‘of "trans — 
mt sient» color phenomena" j;" observed: in” ore $n ed Ithad been 
reported that standard camouflage materials often behave | re 


a unexpected manner when’ seen against: desert eri OB te 


aa ; «BF 


x “a 
‘ a 2 


Pigs a result of measurement. and careful observation of colors 
of various materials and typical desert terrains, at various 
times of the day and for various weather conditions, it is 

- concluded that: 


“Phe colors of A apie materials and of their terrain 
backgrounds undergo great changes as the conditions of light- 
ding and observation change in, the desert.. 


"hese changes are all caused by optical (ngtncide toe of gener- 
a@lly recognized and well understood character. } 


7 "The changes. of the color of the background ‘terrain are either 
not noticed or are severely underestimated by human observers, 
q in a manner well known: to psychologists and color photographers. 


"The changes. of color of camouflage materials are not recog- 
_ nised or are severely discounted as a consequence of the uni- 
_ versal tendency to attribute a fixed color to any material 
q hyphae dy of. the. color. of) the poese of gayiteot with — 


7 nme Se, of aa. colors. can be of quite different kind for 

near-by objects than for distant backgrounds. © Almost unnoticed 

changes of the individual colors can result in very apparent 

_ color contrasts. Such effects are much more likely to be 

_ noticed in. the desert than elsewhere, because of the great 

 @istances which are commonly seen, and the clarity of the 
atmo: re which reaults in-a very;deep blue: haze that causes 
the least possible interference with porary trey ed but wmyen doss 

mare tapartant color, effects. ; 

tthe mantel, conflict ‘aroused by. ‘the ‘appearente ‘ef-an obvious 

color Prise Leen between an, cbject and itssbackground which 

_ were formerly matched.and for each of which no color change 

7 has been no -is..subconsciously resolved: by perception 

_ of @ mysterious color component superimposed on only the . 

Phearcty object. The visibility of the supposedly: camouflaged 

_ object is then Cheeabahed: — shite he gage added component. , 
4  pistant ‘scarf, eloude,-ahioh may danke distant terrains ‘but 
+ hemselves invisible because hidden by the intervening - 

4 120 | )» may. PEQGOR, Lighting contrasts similar to thore of 

sunrise and twilight... The resulting color contrasts may be 

4 ve striking because. of, their sudden appearance without ‘any 

| ihe ble cause. The optics of this situation is similar to 

- that ogee py with a low sun and both colorimetric problems 

E oan be handl by the ponent 1 de og edhe 

o single camouflage. ti OL. tment “oar “pe ‘expecked an cana 

engine pidecte ageinst distant backgrounds at. all.times of 

48; or all ay 9 conditions in the desert,) The camou- 

 flage, 5 alleen can be designed so that optimum concealment 


| 


eS 


is afforded during the most critical hours and so that the 
extremes of color contrast occurring at other “times are re- i 
duced to a minim.) Colorimetric procedures for the design ” 
of desert camovflege are proposed." 


a © 


me . 


162. An Integrating Contrast’ Photometer. 
; Touts Gant ort Tiffany Foundation a 
. Section RGuBy' ‘OSRD sgnry Wey ORE Sy} “Tury 247° 1046 ,” a 
‘65 pp, (R). 5 aaa 


(Sat 
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In response to a request for information concerning the visi- 
bility of ships and aircraft a recording photoelectric inte= 
grating -contrast photometer was constructed. This instrument 
was capable of determining the integrated (average) contrast . 
between: a model oe the: eset ee we — sky" Torovorss Th the 
honisonk in aor nv 
"after: the 1 one io pentwast S cuibvemeves haa’ e32., agaa "hyo" ' 
the Tiffany Foundation to measure models of: submarines cupped q 
by the Bureau of Ships and model aircraft supplied the 
Bureau, of Aeronautics, the instrument was’ moved ‘to the U. eat 
Waval. Air Stetion, at: Patuxent mneeny ‘Maey land >, where: ‘it is 8g 
in use, by Navy) pasastonts H&G @tOu¢ «2 ninectnne ee 
whe lategratea sonnets Sohne a pn hy ‘ane: the értton' rast 
depends, upon the» angie! (9) which the heading’ of© 6 ‘target © whens 
makes-with the line of sight of the observer end the angle” 

(J) between his line: of sightvandthe rays of the’ Gn 2 6z' Nobel? 
In any tactical situation, one of these angles°is usually fixed, — 
and the integrated contrast depends upon the remaini pa ort" <a 
In the interest of mechanical simplicity, the photometer = ~~ 
described in thissreport was designed to ‘produce’ auesthaty 
curve of contrast versus @ foreach value 6f 0; Obviously, 

data in the form of a ‘complete: family ‘of ‘such pe EH can be os 
replotted as of a family ae eurves: eens” ‘contrast: versus © 

for each: value. of Haus af é id TeRN Aer 5:24 SOUND eee 
iteneuae, time wes at a ane ‘when the construction of the 
integrating contrast etiam rene undertaken,’ and’ because ba® 


of the lack of electric power ‘at ” “HELE, a ‘Pelatively: a eeaiee 

semi-automatic photometer and oc ‘tracer was “coristruc ted,” on 

rather »than.a completely automatic ns trument: Serica ee ance 

alternating current eupply for tts. ope retion. at on pF ie rae 
FT CHL LHL oldgesuite eins esiggo ¢ peeing eldia 

it 5 Ff $e at 0 ied igod fez anit rof " cid te gaia ed - 69 Jom 

heoore Lenen ese ci ¢d beliriat ed S80 


163. Calibration and Use of the 3 ject ogra 1 | gape = 
“The Louis Comfort Tiffany Foun a ane bigs eke per age 

> Section 16.3) OSRD: Wf for Now 8555, “septs eH 1 Sores 
— PRs — a TOs 2 Oot Ons YS 


i « & ~~, aa * a 
iit oe — tase 6S 89 ,Tevowor i ,egali a 
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“A photographic instrument capable of measuring the quantity 

and spectral quality of radiant energy from natural daytime 

 geurces reaching an airplane during flight was designed and 

_ constructed by the Eastman Kodak Company under an OSKD Con- 

_ tract (OEMsr-717) supervised by this Section. The instrument 

_ has been described in OSHD Report No. 5444, entitled 'A 

_ Spectrograph for Aerial Use (The Spectrogeograph).'t Although 

the Eastman Kodak Company was required under its contract to 

develop techniques for the use of the spectrogeograph, the 

contract also provided that ‘the contractor shall not be 

required to use the instrument for obtaining data.' Conse<~ 

quently, the spectrogeograph was delivered to the Louls 

 Gomfort Tiffany F ation, Oyster Bay, New York, where an 

OSRD contract for camouflage field studies was in force. On 

several occasions the Tiffany Foundation dispatched field 
expeditions to conduct flights with the spectrogeograph; and 
the data thus secured has been presented in a report entitled . 
' Reflectance of Natural Terrains.' (See Abstract No. 164). 

In the course of this field work, techniques for the calibra- 

tion and use of the instrument were devised through the joint 

_ efforts of the staff of the Eastman Kodak Company and the 

staff of the Tiffany Foundation. This report describes the 

calibration of the spectrogeograph and illustrates many of 

the uses to which it may be put." 


164. Reflectance of Natural Terrains. 


© Louis or any Foundation 
Section 16.3, OSRD Report No. 6554, September 14, 1945, 
64 pp, (R) 


In order to undertake a fundamental study of the optical 

_ problems in camouflage, an:airborne spectrophotomster was 
_ constructed. (See Abstract No. 165). This report contains 
_ the results of extensive flights over Florida and Southern 
_ California during the spring of 1944. The results are pre- 
_ sented in the form of spectroradiometric and spectrophoto- 
_ metric curves of a large number of typical areas. 


_ "In each case, the pair of curves is accompanied by an identi- 
_ fication photograph of the terrain. A rectangle drawn on 
each identification photograph indicates the area of the 

eS which was imaged on the slit of the spectrogeograph 

. at the instant of exposure, and an arrow indicates the exact | ; 
portion of this area depicted by the curves. The photographs : 
- are black-and-white reproductions from original Aero Koda- 
 Golor Film. Since the original color pictures portray the 
terrain in a much more realistic manner, they have been pre- 
_ served in the files of NDRC Section 16.3. 
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